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And he ſpake of trees, from the cedar-tree that is in 8 
even unto the hyſſop that ſpringeth out of the wall: he 
ſpake alſo of beaſts and of W and of * things, 
and of mw 
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On the formation. of the Ein, oak. W ” ua Alder, _ ths 
and Lime-tree, with an explanation, of the manner in which PR: 
staves for W Oy are prepares n Oak- timber. 


Tux frnnticnn of the Elin i 18 a in Plate XI. . 1. * B 
C D, and the ſize of the piece of wood here magnified, when viewed 
by the naked eye, is ſhewn at letter E; this figure alſo contains as 
much as the tree encreaſed in ſize in the ſpace of one year; A B 
and CD, denote the places where, in autumn, the growth ceaſed. 

- The: ſmall perpendicular or aſcending veſſels which lie in great 
numbers intermixed among the large ones, are leſs in this wood 
than in the Oak, and moreover, each of theſe ſmall tubes or veſſels i Is 
compoſed of tougher and thicker membranes than thoſe in the Oak. 

At AB and CD are ſhewn. the ran nel tying! Lge. 
wiſe, 

Fig. 2, P FF F, exhibits the 3 veſſels cut mannes 3 
| ſuch of them as appear collected in ſmall parcels, I take to be thoſe 
which are beginning to be formed from the perpendicular veſſels ; 
and, that thoſe which are collected together in great numbers, are 
the produce of ſeveral years growth, and contain as great a number 
as ever would be formed in the future growth of the tree. 

GGGG, ſhew the very fmall perpendicular veſſels lengthwiſe. 
H H repreſents one of the larger perpendicular veſſels cut lengthwiſe 
down the middle. Upon a more accurate examination of theſe, we 
ſhall perceive them to be compoſed of exceedingly thin membranes, 
covered with filaments twiſted in a ferpentine form, and having the 
appearance of dark ſpots and tubercles or riſings, as at fig. 3, B. 

Among this ſpecies of tree, we often ſee ſome, from which, at the 

A 
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thick den of the ſtem the riſing ſap leaks or oozes out, and in this 
liquor I have often, in the ſummer time, obſerved various animal- 
cules, but which animalcules I could by no means conceive to have 


iflued from the wood; but rather, that the firſt rudiments of them 
had been Ko Tr either by the rain or r dew. 


1 PA 4, A BC D, is pictured a ſmall vines of - Beech, to the 


naked eye appearing of the ſize repreſented at F; the length of this 


figure alſo ſhews the thickneſs acquired by the tree in one year's 
growth, the beginning: and ceaſing of which growth n appear 
at the letters AD or BC. 

In this wood are two ſorts of e veſſels, large and ſmall 
ones; and, I am inclined to think, that there are alſo two ſorts of 
horizontal ones, very minute, one ſort of which appears at EEE, 


lying in ſmall numbers together, and when cut tranſverſely they | 


are ſhewn in fig. 5, at the letters H H H. 
'The other ſort lie in detached parcels, nnd are ſhewn lengthwiſe at 
D C; theſe veſſels are alſo very ſmall in compariſon with the perpen- 
dicular ones, and are compoſed of large cluſters collected together, a 
repreſentation of them when cut tranſverſely may be ſeen in fg. 5, 
at II. 


KKK K, are the xa perpendicular veſſels cut W ; 


and theſe I have almoſt always obſerved to be covered with par- 


ticles which, viewed by a common — exhibited the appear- 
ance of globules. 


Fig. 6, A BCD, is a fmall piece of Willow, to the naked eye ap- 


pearing of the ſize ſhewn at F; this wood conſiſts of two ſorts of 
perpendicular veſſels, ſmall and large; the large ones are covered with 


particles bearing the appearance of globules, and in theſe I obſerved 
certain oblique ſtreaks, which I long 50 concluded to be valves“: 


* The author's opinion reſpeting the probable uſe of valves, in the veſſels of trees 
may be ſeen in his Eſſay on the Oak, vol. I. p. 1 
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one of theſe is ſhewn in fig. 7, where the perpendicular veſſels 


are exhibited lengthwiſe, and it may be ſeen in the veſſel marked 
GG. The ſmall perpendicular veſſels are compoſed. of exceſſively 
thin membranes, and theſe it Was not in ay tied to * | 


truly in a drawing. 


In this wood I only obſerved one ſort of hibrivental veſſels, which 


are ſhewn lengthwiſe in ig. 6, at EE E; the number of theſe is very 
- ſmall, MSIE with the horizontal e 1 have obſerved 1 in other 


woods. 
Fig. 7, HH, repreſents nn cut tranſverſely, and intermixed 


with the perpendicular n which in the ſame _ appear 
lengthwiſe. 


In one of the large Seren Blas veſſels repreſented. in fig. 7, at 
GG, I have ſhewn the appearance they exhibit of being Green 
with bay but thoſe exceſſively minute. 


ig. 8, is a particle of Alder, about the thickneſs, when viewed 


with the naked eye, of an hog's briſtle : this wood has too ſorts of 
perpendicular veſſels; the ſmaller ones conſiſt of exceſſively thin 


membranes, the larger of membranes covered with particles of 
wonderful minuteneſs, and to which no other figure can be aſſigned 
than that of globules. 

AB or CD denote the length of the tree” s increaſe in the mae 


of one year; EEE E are the horizontal veſſels. 


Fig. , FF FF, are the large perpendicular veſſels cut longitu- 


dinally; HH are the ſmall perpendicular veſſels: G G, are the 
horizontal veſſels, which here are ſeen cut tranſverſely. 


Fig. 10, AB CDE F, is a ſmall particle of Ebony, the growth 
of the iſland Mauritius: this figure is drawn from a microscope, 
magnifying objects much more than thoſe from which the draw- 
ings of the other woods were made, becauſe the veſſels in this wood 
could not be conveniently diſcovered by a common magnifier. The 
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particle of mowed here ſhewn, i in which are to be n about eleven 


hundred perpendicular veſſels, is not larger than can be covered by 
a common grain of fand. I did, at firſt, deſign to have made a 
drawing of a larger p portion of this wood, with intent to ſhew the 


decreaſe of the growth in autumn, and its renewal in the ſpring; but 


on reflection I found that ſuch an attempt would be fruitleſs, foraſ- 


much as this wood grew in a climate where vegetation never ceaſes; 


the iſland Mauritius being ſituated a few hu 255 to the —— 


of the Tropick of Capricorn. 


In this wood there are four ſorts of AA veſſels; 6 G G 


are the largeſt of them; fome of which ſeem to have had in them a 


kind of fluid ſubſtance, which in drying coagulated in ſeveral places, 


as may be ſeen in fig. 11, at K = rome one ye — Oe OY yeilels; is 
ſhewyn cut longitudinally. i 


Fig. 12, is alſo one of thoſe ies veſſels ads rats a micro- 
ſcope of ftill greater magnifying power), much more tranſparent 
than _ N one, and 1 wee: nnn, minute 8 
ticles. BH 110 . 


The n port of ere veſſels, hah het are TOY 


_ ated between the horizontal ones, are ſhewn lengthwife at ABC 
and HH; theſe, in many ms ſeem ny ned with a black 


ſubſtance. 73 


The third ſort of perpendicular: edule: lie in the firije direction 
with _ circumference of the tree, and are repreſented at B on or 


CD. 


The fourth fort of low 1 which are ſhaped fm, 
what like a lozenge, and are placed among the larger perpendicular 
veſſels, are compoſed of a much more ſolid wood or ſubſtance than 
the veſſels in the other woods; for the ſmall round cavity which 
appears in the face of each veſſel, cut tranſverſely, as appears in the 
figure, is the only aperture in each veſſel, and the remainder of ſuch 
veſſel ſurrounding this cavity is ſolid wood, conſtituting the ſub- 


ſtance of the veſſel; and this fourth fort of veſſels are ſo af 


FO 5: SY ; 
compacted and conjoined together, that they ſeem to be one — | 
piece of- wood; as if we were to figure in imagination a number of 
ſmall holes, bored/i in the moſt exact e and n ge in a ___ 
of the hardeſt wood. anne! 
Fig. 11, II, are le Boise veſſels cut cken two 
of theſe may be ſeen lengthwiſe, in fig. 10, at the letters A BC and 
HH. Fig. 11, LL, are the ſmaller perpendicular veſſels cut longi- 


I 


Dig. 13, AB b, is avery mall piece of Boxntdod, en Sb 
the ſame microſcope as the piece of Ebony before-deſcribed ; and, 
although I examined this wood very attentively, I could not perceive 
in it any appearance of alteration in its texture, as reſpecting or de- 
noting the different ſeaſons of the year in which it was produced; 
for which reaſon J made a drawing of no more than one minute 
particle, here repreſented. I found this wood to conſiſt of two 
ſorts of perpendicular or aſſending veſſels, mans Ah a larger ſort and 
a go 11 intermixed with the larger. | 

The larger veſſels are compoſed of fine e full of per 5 
Ao wonderfully minute, which are repreſented in fig. 14, where the 
larger veſſels are ſhewn, cut "ay e as denoted . the 
Wa E E EE. | 

The cavities of the Final veſſels are very much like to thoſe 
in the ſmall veſſels of the Ebony-wood, and theſe, when cut N 
dinally, are ſhewn in Ag. 14, at FF. 

AB, or CP, are the horizontal veſſels, as they appear viewed | 
lengthwiſe, and cut eee they are ſhewn in hg. 1 4, at G G. 


th have en . thid Lime- tree, as well that which is 
3 to us from Norway to be uſed in carving wooden figures, 
as that which grows in this country; and, in order to ſhew the 
wordevful. mn of this wood, I have cauſed a chen to be made 
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Fof a ſmall piece, as = ed the microſcope: - this 1 is ſhewn at fig. 


15, HEKL. 
All the parts of which this ay conſiſts, hems to me, to * 


formed with a cavity in each of them; and, if we reflect on the mi- 
nuteneſs of the perpendicular veſſels and tubes which are to be ſeen 


in this ſmall piece of wood, we cannot but contemplate them with 
admiration, as I myſelf have often done; for the real ſize of this 
piece of wood, from K to L, is not more than five hairs breadth. 


At HI, and alſo at K L, are ſhewn the horizontal veſſels in the 


Lime-tree. I have obſerved that, in ſome PO rh lie much 
cloſer together than here repreſented. 


In fig. 16, AB C D, are ſhewn ſome of thoſe reds nd woody 


tubes. of the Lime-tree, which, in the former figure, 8 cut 


ene and are here ſhewn lon gitudinally. 


10 THE READER. 


A the di ifferent ſpecies of wood deſcribed by Mr: e 


he makes no farther mention of the Aſh than by laying down the ſame 


criterion to judge of 6 its RT as bd the Oak. His e e are as 
Follows: 


The Aſh timber brought "ry Nacway, which i is very. oy ab 


in its growth, is of a very ſpongy texture, and conſequently of 
a weak and periſhable nature, and by no means to be compared to 


the Aſh which grows in theſe parts, and in a good foil; by 


reaſon that this wood, as well as the Oak, at the firſt of its 


gro wth, every year forms very large veſſels, and the reſt of the year 
much ſmaller ones, conſequently the quicker the growth, the fewer 
of the larger, and the more of the ſmaller veſſels will be formed 
within the ſame ſpace. I have examined many Norway Aſh-trees, 


and have obſerved that, in the ſpace of twenty, thirty, nay, forty 
years, they had not acquired an inch in their ſemidiameter; whereas 
thoſe growing in the neighbourhood of our town would encreaſe an 
inch in their ſemidiameter for many years ſucceſſively; and I conſider 


—_—_— 
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A- timber, growing in warm climates, to be, beyond compariſon, 
1 to ſuch as is produced 1 in cold 2 f 


1 


The Tranſlator in 4 this 2 af the ſubjed, _—_ a 


_ paſſage in the Eſſay on the Oak, which OR. n * 26 


* therefore tales leave to introduce it here. | 


— 


1 many petſons cannot conceive wakes 8 made of Oak can con- 


ain liquors, when they conſider that the wood is compoſed of no- 


thing but numbers of ſmall tubes united, I cannot refrain from 
giving an explanation of the manner in which Oak is prepared, and 
worked up in the making of tubs or caſks, which is as follows: The 
tree is ſplit or cleft lengthwiſe: into two, four, or fix pieces in pro- 
portion to its ſize, but ſo that the ſplitting or cleaving may extend 
from the circumference to the centre of the tree; though when 


a tree is cleft in two, as I have ſeen performed in much of the 


Riga timber, pieces are again cleft from the flat ſides of each half, 
making a ſort of four ſquare ſtaves; likewiſe, when large trees have 


been thus cleft down the middle, planks or ſtaves are made from 


them, by cleaving pieces from that ſide which was the middle of the 
tree; and theſe pieces will be four ſquare and not triangular; by all 
theſe methods of ſplitting or cleaving the wood, the perpendicular, 


and alſo the horizontal veſſels will be divided lengthwiſe, or accord- 


ing to the ſame direction in which they were placed in the tree, and 
they will all lie lengthwiſe in the plank or ſtave, the perpendicular 
veſſels from end to end, and the horizontal ones from ſide to ſide, 


by which means the liquor in a caſk or vat, made of timber thus 
prepared, muſt preſs againſt the ſides of the veſſels or tubes of the 


wood; and this is the reaſon why caſks made of Oak, though it is 


formed entirely of tubes , do yet retain the ns to illuſtrate this 
by an example: 


— er Ce Ce ca, a dE 


V 41 


Let A E G, repreſent a piece of Oak timber, ſplit or cleft 


lengthwiſe into fix” parts; one end of which is ſawed tranſ- 


verſely, and planed or ſmoothed, as repreſented in the figure. Now 
if this wood be cleft in ſuch manner that A E, A F, or ABC DH 
IL is made one ſide of the ſtave, it follows that all the perpendicu- 
lar veſſels, and alſo the horizontal ones which extend from the 


centre A to the circumference E F, and here are denoted by ſixteen 


double lines, muſt be ſeparated from each other longitudinally, 


whereas, on the contrary, if the wood was to be cleft from E to- 
waurds G, then all the horizontal veſſels would be cut tranſverſely, 
and thus lying through. the ſtave with one of their © orifices: 
opening in the cavity of the caſk, and the other on the outſide, the 
liquor would leak out. And this is the reaſon, why if entire trees 


are ſawed into ſtaves, all thoſe, except what are ſawed out of the : 


middle of the tree, will ſuffer the water to paſs through them, 
eſpecially: if the preflure of the water be very great. 
And conſidering this, we are not to wonder that new built ſhips 


are ſubject to leaks, for if the horizontal veſſels have their orifices 


both on the inſide and outſide of the planks, and theſe. are not ſtop- 
ped by ſome kind of F or dreſſing, the water muſt leak 
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eh obſervation on the Herring. ht? 


If H AVE often reflected on the Gllowing: e ee at 
river fiſh, namely, that where they have a plentiful ſupply» of food, 
their inteſtines are always covered with fat; and on the contrary I 
have observed, that many ſea fiſh, ſuch as Cod-fiſh, Haddocks, Plaice, 
Flounders and the like, though they are plump and bulky, never have 
any fat on their inteſtines: Herrings, however, do not come under 
this deſcription, for, not only their bowels are very fat, but their 
whole bodies are ſo much ſo, that ſometimes when they are cut, the 
fat or oil follows the knife, eſpecially at that time when the roes 
begin to ſwell, at which time n are called in this country Maat- 
gens Haringen. | 
Alfter much turning this matter in my thoughts, I had a fancy to 
know what is the food of this fiſh, and for that purpoſe I enquired 
of many men, uſed to that fiſhery, what food they generally found in 
the ſtomachs of Herrings when firſt caught, but the conſtant an- 
ſwer I got from them was, that they never found any. At length 
I met with a merchant who fits out ſhips for the Herring fiſhery, 
and from him I learned, that in a certain tract of ſea near the coast 
of Scotland, Herrings are caught, in the ſtomachs of which are found 
ſome kind of ſmall fiſhes, but that thoſe Herre will not keep 
lon en 
Not « content with this, I determined to wait for the ſeafon, when 
certain Herrings are brought to our town, which, as. I have heard, 
are caught in great numbers not far from Amſterdam, in that bay 
or ſea, which, eng us, is called * the name of the er 
Zee. * | : 


* The Suyder Nee or Zudder Zee, a ſmall Mediterranean ſea between North Holland and 
Frieſland, whence probably its name of Zuyder, or Southern ſea, being ſo ſituated in reſpect 
of North Holland. It is very ſhallow, and by Sir William Temple in his remarks on the 
United Provinces, ſuppoſed to have been formed by ſome great inundation in the middle age, 
or about the ninth century. 
| 'B 


| Theſe Herrings being * to our town for ale 0 the mid- 


dle of March, I diſſected ſix of them, and I found in that ſubſtance 


which I took out of one of their ſtomachs, three living worms, all of 
the ſame ſhape, and ſomewhat thicker than an hair; but, about 


four hairs breadth diſtance from their heads, their bodies, which 


in that part were round, were about four times thicker. 
This Herring had been dead at leaſt twenty-four hours before I 
examined it, and perhaps theſe worms might have lived a long time, 


if they had remained in the ehyle and within the stomach. 


Moreover, in theſe worms or animalcules, I ſaw a vein, bent in a 
ſerpentine form, and of a blackiſh colour, lying the whole length of 
the animal, and near this vein eertain ſmall round particles driven to 
and fro with great ſwiftneſs, affording me a very ꝓleaſant ſpectacle. 

Another of the Herrings had nothing except a eertain red matter 


in its ſtomach, which, upon viewing it by the microſcope, I thought 


I ſaw to conſiſt of certain round particles, which were almoſt ground 


down by the action of the ftomach ; and I ſaw that they had been 


compoſed of many veſſels : this was alſo the appearance of the 
white chyle which I took out of the ſtomachs of all theſe Herrings. 
Seeing theſe things, I did not wonder that fiſhermen ſhould im- 


agine Herrings have no food in their ſtomachs, becauſe Herrings 
do, in my opinion, feed on ſuch ſmall fiſhes, that they cannot take 
in ſufficient quantities of them to diſtend their ſtomachs, as we ſee 
in other fiſh; and hence it is ſaid, that n. have no food 


within their ſtomachs. | 

Now, ſinee we find ſo ſmall a portion of food i in the ſtomachs of 
Herrings, and yet that they are ſo fat at the time, when, as I ſaid 
before, their roes are yet very ſmall, we muſt conclude that Her- 


rings are continually feeding, and that their food consists of ſuch 


minute fiſhes as eſcape the eyes of the fiſhermen, whereas other 
fiſhes are accuſtomed to cram their ſtomachs with larger fiſhes, and 
to ſuch a degree, that ſometimes they are diftended to a fifth or 
ſixth part of the fiſh's own bulk ; and therefore it is, that the fiſhes 
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they s0 ſwallow, remain in their ſtomachs ſeveral days, until their 
bones are by the proceſs of digeſtion fo communuted, as to be fit 
for admiſſion into the inteſtines. 

Since then we ſee, that Herrings have ſo little food at a time in their 
| ſtomachs and inteſtines, and yet become ſo very fat, which I think 
is owing to their taking abundance of nouriſhment, we muſt con- 
clude, that there are more animalcules or minute fiſhes in the ſea, 
than has ever yet been thought of: and hence we are not to wonder 
that Herrings are ſometimes caught in one, and ſometimes in another 
part of the ſea ; ſometimes in the ſhallows, and ſometimes in the 
deep water, according to the places where the ſmall fiſhes on which 
they feed do from time to time reſort ; ſo that, here I think, the 
words of ſcripture may be applied Whereſoever the carcaſe is, 
there will the Eagles be gathered together.” | 

About the end of March, ſome more of the ſame fort of oP 
were brought to our town for ſale ; ſeveral of theſe I opened, and 
ſaw that their livers were as large in proportion to their ſize as thoſe 
in other fiſh, which livers were alſo provided with a gall-bladder ; 
theſe Herrings were in that ſtate, that many of them were deſtitute 
of roes. In examining the chyle which I took out, both from their 
ſtomachs and inteſtines, I perceived no difference, except by obfery- 
ing in ſome of them a few round particles, which I deemed to be 
eggs of fiſh; and of this I was the more aſſured when, upon breaking 
the membrane in which theſe round particles were encloſed, and 
which was very tough, I ſaw the contents to be of a fluid nature, 
mixed with larger and ſmaller globules. Several of theſe round 
particles I ſeparated, as well as I could, from the chyle, and placed 
beſide them ſome fingle grains, or eggs, which I had taken out of 
the hard roes of other Herrings, and then I clearly found that thoſe 
globules which I had taken out of the ſtomach and bowels, were 
Herring's eggs; whence, I concluded, that thoſe Herrings which, 
about this ſeaſon, are ſometimes caught in the Zuyder Zee, in such 
quantities, that they are more than ſufficient for conſumption, will, 
for want of other food, devour their own eggs or roes. 
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In the next place, 1 tend out of the cavity of the belly of two. 


Herrings a white worm, about as thick as a horſe-hair, whoſe body, 


at each end, eſpecially near the tail, was very thin and pointed. 


This ſpecies of worm I have found in the ſtomach and bowels 
of ſeveral kinds of fiſh. Theſe 'worms, I concluded, had forced 


their way through the ſtomach or bowels, and thus had got into 


the cavity of the . becauſe: their bodies were of a very hard 
texture. 
The a that 8 worms mould penetrate, through the 


inteſtines into the cavity of the belly, may ſeem wonderful to many 


perſons, who cannot conceive how a wound can be made by a 


worm in any inteſtine, and yet the chyle not run out of that wound 


into the cavity of the belly. But it ſhould be conſidered that the 


head of this worm (which is very ſharp), piercing through the 
inteſtine, would canſe little or no injury to the part, becauſe. 


neither the head or body make much of a-cut or wound, and, there- 
fore, the veſſels in its paſſage would only be ſtretched aſunder, and, 
immediately after it had paſſed, cloſe again. | 

A gentleman of my acquaintance, hearing me argue in this man- 


ner, told me, that he kept, in an encloſed place at his houſe, 
a parcel of hens, in order to ſupply himſelf with eggs, and that his 
maid ſervants were accuſtomed to throw the ſand andſweepingsof the 
chambers into this place, without taking the trouble to pick out ſuch 


pins as might be in them, and that the hens, which were kept thus 
ſhut up, finding no ſmall ſtones or pebbles to ſwallow, as it is in their 


nature to do, will pick up the pins. Theſe fowls are generally 
killed in the winter-time; and, my friend told me that, upon cut- 
ting them up, himſelf and all his family, not excepting his men and 
| maid ſervants, had ſeen ſeveral pins ticking in their breaſts; and 
that, alſo, a pin was found which had come out from one of their 
bodies through the breaſt-bone ; and that another pin was found 


in the bottom of the breaſt, with its point downwards, ſtickin g out 
of the ſkin, ſo that only the upper part of the pin remained between 
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the ſkin and fleſh, and two pins ſtuck to the fleſh i in the middle 


of the ſtomach, which had penetrated through its coat; and, within 
the ſtomach, were many pins mixed with the food, which, pro- 


bably, if the fowls. had remained alive, would have found a paſ- 


ſage out in ſome part or other. This being the caſe, it is no won- 
der that a worm ſhould find a paſſage, not only into the "_ of 
the ſtomach, but into other parts of the body. 
On the 14th of April more Herrings were n to 0 s 


when I obſerved many eggs ſcattered among them, ſo that I con- 


cluded for certain, that, at this time, moſt — aaron their | 
eggs or roes. | 

Again, [- took. ſeveral Herrin, and, TON the appearance of 
their inteſtines, I judged they had been longer out of the water 
than thoſe I formerly examined; yet, in the inteſtines of one of 


theſe, I ſaw a living worm. 


Moreover, I took, out of the bowel of a anole dining, the ſoft 


roe of which was grown to its full ſize, ſeveral Herring's eggs, 


which were in that part of the gut near its orifice ; from whence it 
again appeared to me, that the ſhell or membrane of theſe eggs is 


ſo tough and hard, that it cannot be digeſted or diflolved, either in 
the ſtomach or inteſtines. 


I alſo found, in this inteſtine, many particles not of animal, but 
vegetable ſubſtances, and, among them, a hollow piece of a ruſh, 
or ſome ſuch vegetable; in which I could very plainly perceive, 
the pores or tubes of which it was compoſed, and alſo ſome exceed- 
ingly ſmall flat particles, alſo conſiſting of tubes, joined together. 
I likewiſe found ſeveral thin oblong particles, the formation of 


which could not accurately be diſtinguiſhed, they being impervious 


to the light; and, among other things, I ſaw the ſhell of a ſea-ſnail, 
not larger than a grain of ſand, whoſe circumference was divided 


into eight parts or joints. The ſhell of this ſnail was ſo very 


thin, that when the moiſture it contained was evaporated, it 
entirely loſt its handſome ſhape. And thus it was manifeſt to me, 
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that Herrings not only feed on ſmall fiſhes, and even on their 


own eggs, but that, when urged by hunger, hex will ſwallow any 
—_ they meet with. 

Since then we ſee, that the ſmaller fiſh, ond eſpecially Herrings, 
which take ſo little food at a time, that it is the vulgar opinion, be- 
cauſe their ſtomachs are not diſtended like thoſe of other fiſh, that 
they live entirely without food, do yet become very fat; when, 


on the contrary, cod and other fiſh, which ſometimes have, at one 
time, as many as six ſhell-fiſh in their ſtomachs, have, nevertheleſs, 


no particles of fat, either between the fleſhy parts, or in the inteſt- 
ines, except the liver: What, I aſk, 1s the concluſion to be drawn 
from hence ? Surely (with ſubmiſſion to better judgment), no other 


than this: that thoſe kind of fiſh have no veins or veſſels adapted 
to ſecrete the fat from the food which is digeſted in the ſtomach 
or inteſtines, and much leſs any veſſels to ſecrete the fat be- 


tween the fleſhy parts. 
But ſince cod, haddocks, and has fiſh of the like kind, are 


deſtitute of veſſels to ſeparate the particles of fat, and yet are always 


able to get a large ſupply of food, ſuch a quantity of nouriſh- 
ment. is conveyed to the fleſhy parts of their bodies, that they 
become ſo hard and dry (I mean at the time when their roes firſt 


begin to ſwell, which is in the ſummer), that they are quite inſipid 


to the palate, and, therefore are ſaid to be out of ſeaſon, whereas, 


it ſhould more properly be ſaid, that they are then too much fed, 


or have taken too much nouriſhment ; but, when the roes in theſe 


fiſh begin to increaſe, ſo that in a few weeks, they muſt be depoſited, 
Fo much of the nouriſhment paſſes into the roes that the hardneſs of 


the fleſhy parts is diminiſhed, and then thoſe fiſh again become 


taſteful to the palate, and are, therefore, ſaid to be in ſeaſon. 


Now, as the larger fiſh are fed and nouriſhed by devouring the 


ſmaller ones, I have often thought, whether minute cod-fiſhes, or 
®ther fiſh, when firſt come forth from the eggs, may not feed on 


thoſe exceeding minute fiſhes, or animalcules, which are found in 
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incredible quantities in all waters, and are ſo minute, that millions 
of them are ſcarcely equal to the ſize of a grain of ſand; and, when 
we conſider that the young fry of pearch, trout, jack, and the like, 
when only a few days or weeks old, are always obſerved ſwimming 
ſlowly againſt the ſtream, we may conclude, that it is with intent 
the better to catch thoſe very minute fiſhes, or animalcules, which 
are carried down the ſtream in the contrary direction, and to feed on 
them, till they are of ſufficient growth to prey on larger fiſh; and, 
if we do but obſerve the very large eyes of thoſe ſmall fry, much 
bigger in proportion than other parts of their bodies, we may form 
a tolerable conjecture, that in the firſt creation, they were appointed 
to have ſuch large eyes, for enabling them the better to diſcover and 
catch thoſe minute fiſhes which ſerve them for prey. 

I have formerly laid it down as a fact eſtabliſned“, at leaſt in my 
opinion, that fiſhes living in rivers or very deep waters, or ſuch 
waters as are always in motion, are not obnoxious to any decay or 
diſeaſe, and never die of old age; and now, to apply that idea to 
the ſubje& under conſideration. I have examined the ſcales of 
Herrings, and I uniformly drew this conclusion, that all the Herrings 

caught by our fiſhermen were, as far as I could obſerve, barely a 
year old; in confirmation of which opinion, upon inſpecting Her- 

rings caught about the beginning of the month of June (which were 

. procured privately, or as it were by ftealth, becauſe, by our laws, 
Herrings are not then permitted to be taken), they being ſometimes 
ſent to me as preſents, I always found them to be of a much ſmaller 
ſize than thoſe caught a month or two later; and I have thought that 
perhaps all Herrings caught in the North Sea iſſued from the roes 
or ſpawn which had been depoſited the preceding year. Now, if we 
lay it down as a certain fact, that all the kinds of fiſh to us known | 
when they firſt begin to lay their eggs or ſpawn, are not a year old, 
and that the greater part of thoſe Herrings, which are found on 
theſe coaſts? in any one year, dep ofite the eggs from whenes iffue all 


* See vol. I. p. 71. 
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the Herrings caught i in the ſucceeding year, ( for if it were not wt 
there would certainly be found in the ſhoal ſome Herrings much 


larger than others, as we may obſerve in all kinds of fiſh which have 


ſcales) ; we may from thence draw this concluſion, that when Her- 
rings have depoſited their ſpawn, they do immediately, or in a very 
ſhort time afterwards, quit theſe ſeas, and never return thither. 
About twenty years ago, I heard a ſtory of an uncommon large 


Herring, which was to be ſeen in our town, and, for the novelty of 
the thing, was given a preſent to a company of great perſonages at a 
public dinner. This Herring, I think, very probably had wandered 


from the ſhoal, or had by ſome means been detained i in our ſea. 
If then, we obſerve that in the ſea adjoining to us, no Herrings are 


found which are more than a year old, and that they then entirely 


quit our coaſts, and none of them are caught the following year; 
who can aſſign any other reaſon for this, than that Herrings, when 
grown large, require more food for their growth and ſuſtenance than 
they can get in our ſeas, and therefore they migrate, or reſort to 
thoſe places where they find a greater or more ſolid ſupply of food. 


To conclude, the ſecrets of Nature, reſpecting fiſhes in the-ſea, as 
well in regard to their resorting to certain places, as in their de- 
parture from thence, cannot be investigated with any preciſion : for 


inftance, what ſhall we ſay of the fiſh called the Shad, (in Dutch 
 EItft), for thoſe fiſh, when the time of their propagation is at hand, 
are found in our rivers; but when 'that time is paſt quit the rivers, 


nor are ever 9 as far as 1 have been able to learn, caught in 
the * | 
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In: a Treatiſe, 1 publiched i in 77 oa on | Microſcopical fub- 
t jects, the author has given drawings of the Ant and its egg, in the 
latter of which, he has repreſented the young Ant within the egg, 


though not more than an eighth part the ſize of a full grown Ant: 
but as theſe figures appeared to me, to be very inaccurately taken, I 
determined. to enter upon an inveſtigation of the ſubject myſelf. | 
Upon digging up an Ant's neſt, in my garden, and examining the 
eggs (as they are commonly called), I found them not only to be of 
different ſizes, but alſo ſome of the young Ants within them, were 
of a white colour, and lay, as it were, motionleſs, until they arrived 
at their full growth. Hereupon I began to form very different 
ideas from the opinions hitherto entertained, reſpecting theſe crea- 
tures; and, I concluded, that the Ant, as well as the Weevil 
and other minute animals (in theſe cold regions), does, in the winter 
ſeaſon, lie without motion, and does not take any nouriſhment ; and 
that the collections of food which Ants are obſerved to make, and 
to heap together in their neſts, during the ſummer ſeaſon, is for no 
other purpoſe than to feed their young. 

Theſe my ſentiments may appear new and ſtrange to many; but 
how can we conceive the egg of any creature to be larger than the 
hind part or belly of the animal from which it proceeds, and, 


* This Eſſay was written in the year 1687. As the Author herein combats ſome generally 
received opinions, reſpecting the Ant, the Tranſlator has given his own words, as nearly as 
poſſible, and in the order in which they ſtand, that the Reader may form his own opinion upon 
the ſubject. 
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that in time, it can become as large as the whole body of the parent, 
before the young one comes forth, and that, when come to this 
growth, it ſhall not afterwards. increaſe in ſize ? This, however, 
if theſe are the real eggs, we muſt conceive of the Ant; but, whether 
the ſame takes place in any other. creature I know not, nor have 


ever obſerved. In all probability. theſe eggs, as they are called, 


when firſt laid, are very ſmall, and continually increaſe in ſize ; the 


concluſion is, that they niuſt conſtantly receive ſome kind of nouriſh- 
ment to cauſe ſuch increaſe; whence we may infer, that the collection 


of food which Ants, in the ſummer time carry to their neſts, is, prin- 


cipally, to feed their young. This, my opinion, I doubt not will be 
greatly controverted, becauſe the young Ants lie incloſed in a kind of 
Akin or membrane, and, conſequently, it is difficult to conceive how 
they can receive nouriſhment from the father or mother, when thus 


completely ſeparated from them. And yet it is ſtill more diffi- 


cult to conceive, how an animal in the egg, and alſo the egg 


itſelf, can daily grow larger, without receiving any nouriſhment. 


I did indeed, at firſt, imagine that the young Ant was com- 
pletely formed in this egg; but at length I rejected that opinion, 
determining to examine the truth of this matter, and, if poſſible, to 


diſcover by what means theſe eggs of the Ant do increaſe in ſize. 


And, recollecting, that I could not be at a loſs for Ants' neſts in 
my garden, having been formerly much infeſted by them, I took 
a ſpade full of earth, mixed with Ants and their eggs, which I put 
on a clean ſheet of paper, and ſat myſelf down before it, to examine 
the Ants carefully, who are accuſtomed, when their neſts are 
diſturbed, to- carry away their eggs. Many of theſe I took from 
them, and obſerved, that what moſt of them were carrying was 
no other than a young Ant, quite white, and without motion; 
though in others of theſe Ants the white colour was turned to a red. 
Others were white, and of an oblong ſhape ; and theſe I took to be 
what are uſually called the Ants eggs. Theſe laſt were ſmaller 
and ſmaller, and ſome of them no bigger than a common grain 
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of ſand * but, at firſt, I ww beſtowed my attention only on thoſe 
particles which I had taken 3 . Ants, unn chem to be of 

uſe to me in my enquiry. 
I 0 this end I had broüght with me ſeveral new glaſſes, in a which 
J collected ſome of each of the before mentioned ſorts, as far as 
I was able, and, as IJ had only my ſpectacles with me, but which 
magnified objects conſiderably, I examined, after the Ants had 
almoſt all run away, the earth (Which conſiſted of clay and ſand 
mixed together), and found in it ſeveral very ſmall white particles, 
which, I concluded, had been left there by the Ants, mixed with 
ſome grains of ſand. | 

Upon my return home, I examined all with the micebloops, dl 
found, that thoſe which approached neareſt to the likeneſs of Ants, 
had not aſſumed their perfect figure, though of the full ſize of 
an Ant; and the only difference conſiſted in this, that they were 
entirely white, and without any motion, and their claws and horns 
lay diſpoſed in regular order, in like manner as we obſerve in 
caterpillars, previous to their change into flying inſects, though 
_ theſe, of which IJ am now ſpeaking, were not incloſed in any mem- 
| brane. | Theſe are, doubtleſs, what are generally called Ants eggs. 

Others of theſe white particles, which were alſo of the ſize of an Ant, 
and approached nearer the ſhape of an egg (of which ſort I found 
many), I perceived to be ſhort thick maggots, having in their 
bodies a black ſpot, which, probably, moſt perſons would conclude 
to be the young Ant within. Of theſe I carried many about with - 
me in my pocket, and obſerved, that before their change ap- 
proached, they purged off this black matter, which was their excre- 
ments. I ſaw ſome of them, within twenty four hours, and others 
within forty eight hours, put off their "On and —y into a white 
eryſalis. 

Others of theſe particles, or eggs, were ſmaller and ſmaller, till 
ſome of them I found leſs than a grain of ſand; and, among the 
ſmalleſt of the particles which I had taken from the Ants, or found 
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among the carth of their neſt, I diſcovered - ſeveral eggs ſo mi- 
nute, that I could not, with my naked eye, diſcern what they were. 
One of theſe eggs I placed before the microſcope, and cauſed 
a drawing to be made of it, which is ſhewn in Plate XII. fig. 
1, ABC. And, to give an idea of the minuteneſs of this egg, I 
meaſured it by a rule divided into aliquot parts; and, I muſt ſay, 
that ninety of the diameters, breadth or thickneſs of this g 
would not amount to an inch in length. 
Another egg I placed before neee in arkich 15 bet 
was ſo far grown, that with its head, it advanced beyond the ſhell 
of the egg. This is to be ſeen at fig. 2, DEF; in which figure, 
- EF denotes what had been a part of the yolk. of the eg. 4 
but was now tranſparent, and only filled with air. 1 
The next day after I had turned up this Ant's neſt, as e 1 
mentioned it rained very hard, and the day following, it was very n 
fair weather; whereupon I went to viſit the place, and found two 
holes newly made in the earth, and the Ants running in and 
out. I took up a ſpade full of the earth where theſe holes were 5 
made, and found in it many eggs of the. ſame minuteneſs I have I 
juſt mentioned: theſe I put into different glaſſes, ſome of which I 
carried in my pocket; and, in ſome of them, after the ſpace 
of twenty four hours, I perceived the maggot to be perfectly 
formed in the egg; but, in the greater part of them, I found the 
maggot imperfect, being dead, and the egg dried, with the ſhell con- 
tracted. I cauſed a drawing to be made, from the microſcope, 
of one of theſe laſt named eggs, becauſe, in it, the limner could diſ- 
tinguiſh all the parts of the maggot's _ This is ſhewn at 
fig. 3, GH. 
I alſo placed before the microſcope one of the maggots, which. 
at the ſame time, had crept out of the egg, and cauſed a drawing to 
be made of it as it then appeared. At fig. 4, K LM, is the head, 
and MNK, the body of this maggot. 


Upon attentively ovlerving this maggot, 1 was much gratified with 
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the ſight of an inceſſant motion appearing within its head (and, if 
J may be allowed the expreſſion, in its brain), for this motion was 


as regular as we can imagine, juſt as if we "Were to _ the- wecken 


pn ns of any animal in-refpiration.” 7 oe 


Sometimes I ſaw one of thefe minute Cakes en its en 
as if in queſt of food, at the ſame time producing a minute globule 
of air at its e 1 e 3 WE n went into its 
throat. 0 s 

— 1 nd one of theſs niaguots to _ e which ſo far 
grown, that its body Was the tenth part of one full grown, and 
which is repreſented at fig. 5, OP QAR; in which figure, PQis the 
head, and the reſt the body. Theſe maggots, when young, lie in 


a curved poſture, but, when almoſt full grown, they aſſume a 


ſtraight figure. This maggot was drawn from a microſcope, mag- 
nifying objects much leſs than that from which the former figures 


were taken; from whence the minuteneſs of theſe eggs may very 


eaſily be conceived. I could have given a drawing of a full grown 
maggot from the microſcope, but I think it unneceſſary, becauſe, 
from the laſt figure, we can eaſily form a Judgment of a maggot, of 
the ſame ſhape, when ten times larger. 

I muſt confeſs, that I formerly thought no otherwiſe than that 
thoſe maggots to which, hitherto (for want of knowing better, we 
have given the name of Ants' eggs), as ſeen by the naked eye, were, 
in reality, the eggs of the Ant, and that the black ſpot which we ſee 
in their bodies was the minute young Ant, not yet brought into life: 
But I cannot ſufficiently wonder, how any one can ſuffer his imagi- 
nation ſo to deceive him, as to fancy, when uſing a microſcope, that, 
through it, he ſees in this egg (as we call it) a young unformed 
Ant. And not only ſo, but to make a drawing repreſenting its body, 
head, claws, and eyes; when, on the contrary, no perſon what- 
ever can ſee the leaſt appearance of any ſuch in this maggot which, 
ren has been called the egg. 


1 have ſeen ſome of theſe maggots, while very mall, to vas the 
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dark ſpot before mentioned, and others much larger, and even per- 
fectly formed, not to have the leaſt appearance of it. And, to 
inveſtigate the true nature of this dark ſpot, which ſome are ſo ſimple 
as to imagine is a young Ant, IL opened the maggot, and ſaw-moſt 
plainly that it was the animal's ſtomach, and that the darkifh appear- 
ance was cauſed by the food in the ſtomach; and, with regard to 
thoſe maggots which have not ſuch a ſpot, this is owing to the dif- 
ferent kind of food brought to it by the parents. In this diffec- 
tion I ſaw not only the ftomach, but the inteſtines adjoining to it, 
which were filled with globular particles of a darkiſh colour. 

How is it poſfible for us to ſee in a maggot (which we call an 
egg) a very minute young creature? for I have before ſaid; that the 
whole and entire maggot is transformed into an Ant, ſaving only 
its kin which is left behind; but this ſkin or cuticle is ſo thin, that 
it does not amount to an hundreth part of the maggot's ſubſtance. 

This maggot has on its body, except the belly, many hairs, and 
is uncommonly ſluggiſh in its motions, ſo that it is ſeldom ſeen even 
to ſtretch itself out, or to contract its body, but it often moves its 
head, and ſometimes, though not often, opens its mouth. It is, in 
a word, entirely unable to ſeek its food, and, as I may ſay, hes im- 
moveable in its neſt, without ever changing its place, and there- 
fore it is neceffary that the parent Ants, or fome others of the tribe, 


ſhould continually provide food and bring it to the young ones. 


This being the caſe, the commonly received opinion muſt be done 
away, reſpecting the induſtry of Ants in carrying proviſions to their 
neſts for the purpoſe only of laying up a ſtock of food for winter; 
whereas on the contrary, the greateſt part, and who can tell whether 
or not the whole, is laid up for the maggots which proceed from 
their eggs (and who cannot poffibly feed themſelves), and to pro- 
vide them with nouriſhment until they are of ſufficient cpa to 
put on the thape of Ants. 

And, in like manner as I have ſaid, that the Weevil does not lay 
many eggs at a time, like the Silkworm's moth, and the common 


TS 
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fly, ſo it is with the Ant, which is a long lived animal, * during 
the whole ſummer continues to lay its eggs (at leaſt in my opinion), 
and if ſo, they muſt be continually employed in providing food for 
their young. And this is an innate impulſe or inſtinct implanted 


in them by Nature, for otherwiſe their young (which are t 
muſt be ſtarved for want of food. 1 


I am aware that what, I have phones og 1 theſe my n 
tions will be diſputed by many, and the rather, as ſo much has been 


written of the, induſtry and foreſight of Ants in laying up ſtore for 


the winter, but this I do not at all regard. I freely ſpeak my ſenti- 


ments as they occur to me; and Þ think it is not at all improbable 
that Ants throughout the winter, and eſpecially if the cold be very 


ſevere, can live without nouriſhment, lying motionleſs under ground 
as other ſmall animals do in the. open air, fuch as the flea, the 
weevil and others. And if we do but obſerve the Ant, when in 
autumn they devour our grapes, and take notice, if it be cold, how 
ſlowly they move, we may very well conclude that, when the cold 
increaſes they may be entirely inactive during the middle of winter. 

Some perfons would have us believe that Ants bite the human 
ſpecies, and that their bite is venomous: but this is what I could 
never obſerve; and it ſeems to me very plain, that the mouth of 
an Ant is not made for any ſuch purpoſe, partly becauſe its pin- 
cers, which are provided with points or teeth, and are ſituated in 
the fore part of the head at the opening of the mouth, cannot exert 
ſufficient force to penetrate through the external ſkin of our bodies, 
and make any impreſſion on the ſenſitive cuticle ; for the pincers 
are too ſhort, and the teeth in them too many in number, for fo 


ſmall an animal to have the power of reaching with them the 


ſenſitive cuticle ; and in the next place, if we do but inſpect all the 
parts of an Ant's mouth, when in motion, we ſhall ſee that they 
are not of a nature calculated to do hurt to any animal. 

I have often ſeen an Ant produce out of its mouth four oblong 


particles ; but they are provided with ſmall joints like thoſe in the 
1 | 


Cr 

horns of the:Ant,” ſo that the pincers or teeth of this animal ſeem 
deſigned for no other uſe then to grind its food, and alſo to drag the 
proviſions it colle&s for its young to the place where the young 
maggots lie. But I always obſerved, and without any one inſtance 
to the contrary, that theſe Ants have a ſting which is placed, not in 
the head, but in the hind part of their bodies, and; if at any time, we 
moleſt or hurt the Ant; it immediately puts forth its ſting: (which 
at other times it keeps within its body), and continually endeavours 
to ſtrike, for it does nothing but bend its tail downwards, and 1 in- 
fn moves its ſting in and out of its body. 1 


This motion of the ſting, is ſo natural to the a that 8 
the. hind part of its body be cut off from the reſt, the ſting will 


continue to move for ſome time. And the Ant not only gives us pain 
merely by ſtinging, but with the ſting it emits a tranſparent liquid 


which is tranſmitted to the end of the ſting; and, from this liquid, 


I conceive the principal part of the pain proceeds, owing to the 
ſharp. ſaline particles it contains, and that from hence alſo proceed 


thoſe humours or ſwellin 85 _ the ſkin Which We ams on 


being ſtung. % 38141 F ” 92 
The Grellings or pimples which: L een fem che Ants, i in 
my Preceding obſervations of their manner of generation, gave 


me more pain than in my life before I had experienced from them. 


For it is almoſt twenty years ago that, having been violently ſtung 
by Ants, I then, upon examination, diſcovered that they carried a 
ſting in the hind parts of their bodies. 

Although this liquid emitted by the Ant, is in very ſmall quan- 
tity, I tried all means I could deviſe to diſcover, if poſſible, the kind 


* 


of particles it might contain, but I could obſerve nothing, except that 


this liquor (though very tranſparent and fluid), conſiſted of parts ſo 
fixed that it would not evaporate; in like manner as if it had been an 
oil: in one place I fancied I ſaw ſome particles lying, of the nature 


of ſalts, with ſome others, ſo minute, that I could not aſcribe to 
them any particular ſhape. 
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The ſting of the Ant has not any aperture at its extremity, through 
which this noxious liquid is emitted (as I have heretofore ſaid 
is the caſe with the Scorpion), but it is provided with a cavity, or 
groove, ſimilar to what we ſee in thoſe inſtruments uſed by ſailors 
to wet their ſails, in order to make them hold the more wind. 
Through this groove, or channel, the Ant is able to emit the liquid, 
and that as far as the extremity of the ſting. 
Upon my taking off this liquid from the fling, 1 ſane; that 
the animal's ſupply was not exhauſted; for, when it drew in 
the ſting, a freſh quantity of liquid came again forth with it, and 
this, not once, but ſeveral different times. This gave me reaſon to 
gueſs the cauſe of an uncommonly large tumour I once had, in my 
arm, from the ſtinging of an Ant, which was, that the Ant, having 
crept up my ſhirt ſleeve on the inſide, and there begun to ſting ; be- 
fore TI could ſtrip off my other clothes, as well as my ſhirt, it 
had ſtung me, ſeveral times, ſucceſſively, from whence a large 
quantity of that noxious liquid had been injected, cauſing a larger 
{welling, and a greater degree of pain. | 

Fig. 6, BCD, repreſents the ſting of the Ant. AB DE denote 
| part of the animal's tail, which is covered with hairs. 
What I have here noted is, however, only to be underſtood of 
the red coloured Ants, and theſe are the only ſort of them which I | 
ever ſaw in my garden; but, in other gardens, I obſerved another 
{ſpecies of Ants, of a blackiſh colour, and ſomewhat leſs in ſize than 
the red Ants, and not nearly of ſo hardy a make; for I could eaſily 
compreſs or ſqueeze the hinder parts of theſe Ants, which part of 
the body, in the red ones, was very hard. And, whereas I have 
ſaid, that I always found the former Ants provided with a ſting, I 
could not diſcover any ſting in theſe laſt mentioned ones, although 
I opened more than twenty five of them. 

As to the maggots in the neſts of theſe black Fog they did 
not differ from thoſe produced by the red Ants, except in being 


ſomewhat ſmaller than the red, when full grown, And, wherea: 
You. II. D 


( 0 }) 


the firſt mentioned maggots changed into the form of a cryſalis 
(of which I ſaw great numbers, lying among the maggots), I could 
not, among theſe laſt maggots, diſcern a ſingle cryſalis; but I ſaw, 
among them, a great number of what are called Ants' eggs, which, 
at one end, had a black ſpot. A parcel of theſe I brought home 
with me; and, upon opening them, I found, in ſome of Wan. 5 
a perfect Ant, of a colour inclining to black, in others of e 
Ant quite perfect, but white. 
The ſhell, or covering of this Ant, did not appear to me, 
to be either a membrane, or the ſkin of the maggot, which it 
had ſtripped off in undergoing its change, for it was quite ſmooth, 
and without any wrinkle. And, as I could not imagine how this 
covering was formed about the Ant, I put ſome of the moſt perfect 
maggots into a clean glaſs; and, when they had been in it for two days, 
I found them to differ much from the firſt mentioned ones. For 
theſe latter ones had begun to ſpin, as filk worms do, and, when the 
thread was about as long as two hairs breadth, they faſtened it, with 
their mouths, to the threads they had already ſpun (doubtleſs, by 
means of ſome glutinous matter proceeding out of their mouths) ; 
and, in this ſpinning, I did not perceive them move more than their 
heads and the two joints of their body next the head : and, after two 
days, they had proceeded ſo far in their ſpinning that the maggot, 
within the caſe, was no longer to be diſcerned. When theſe 
had remained in the glaſs in my cloſet, the ſpace of four days, I ob- 
ſerved, that ſome of the Ants in them had gained ſo much ſtrength 
as to break through the web or caſe in which they lay, and 
run about the glaſs. | 

Hence it alſo appeared to me, that theſe laſt maggots, in their 
change into a cryſalis, or an Ant, not only at once aſſume all their 
limbs, and the complete ſhape of their bodies, but alſo that, after 
this change, they never grow any larger, unleſs they undergo 
a farther change, and become flying inſects. So that we ſee the 
error of thoſe who ſay, that, in what they call the eggs of Ants, they 
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can diſtinguiſh the young Ants when not perfectly formed, and 
which, in proceſs. of time, increaſe in ſize; when, on the contrary, 
no Ant, or rather its maggot, is incloſed in its web or caſe, until it 
has attained its full fize. 

This being ſo, it appears, that the young Ant, oleic a 
maggot, a cryſalis, or a maggot in its web or caſe, has, hitherto, 
been improperly called by the name of an Ant's egg; for, in 
like manner as we can, with no propriety, denominate the cone or 
caſe wherein a ſilk worm is incloſed, a ſilk worm's egg, it is equally 
improper to call the maggot, eryſalis, or the web of the mag- 
got, wherein a young Ant is incloſed, an Ant's egg. For, upon 
comparing the true ſize of an egg, laid by the Ant, with that of the 
web or caſe wherein the maggot, containing the young Ant, is 
incloſed (and which is commonly called the Ant's egg), I will 
venture to ſay, that nearly an hundred and ſeventy five Ants' eggs 
do not more than equal the ſize of the web or caſe ſpun by 
the maggot, and in which it 1s changed into an Ant. 

I have before ſaid, that, at one end of the web or caſe ſpun 
by the young Ant, there is a black ſpot, which, upon examination, 
I judged to be the excrement of the maggot, and which it purged 

off when it was about being changed into an Ant. 

This web or caſe, ſpun by the maggot, is of ſo cloſe a texture 
that one can ſeldom diſcern the Ant within it, unleſs when it is ſo 
far advanced in its growth that it begins to aſſume a black colour, 
or when it moves itſelf within the covering or caſe. 

In all the Ants' neſts that I have examined, I have obſerved 
fome of the Ants to have wings ; but in none of the neſts have I been 
able to find the leaſt traces of the proviſions which they are ſaid to 
ſtore up; ſo that I am ſtill more aſſured that, in the ſummer ſeaſon, 
the Ants have enough to do to colle& and carry into their neſts 
a ſufficient quantity of food for the ſupport and nouriſhment of the 
multitudes of their maggots, both great and ſmall, with which 
their neſts are, in many places, quite filled. 
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+ Moreover, about the middle of the month of Auguſt, I examined 


ſeveral black Ants' neſts on the Lands we call Duynen or the Downs, 
as well in the neighbourhood of Haerlem, as elſewhere, but I did 
not find in them any of the maggots from which theſe Ants were 
bred, nor any of the webs ſpun by them, but only ſome * webs 
or caſes, out of which the Ants had crept. 

I -bave alſo ſeen, in ſome neſts, the greateſt part 1 the hae 
changed into flying animals; and, among theſe winged Ants, ſome 
were eight times larger than the common black Ant. ? 


I, afterwards, again examined the neſts -of the, red Ants in 


my garden, and found in them Ants, with their eggs, the maggots, 
and cryſales, in as great numbers as before. 

J alſo: placed ſeveral grains of wheat before the Ants neſts, 
thinking they would not have ſtrength to carry them away, but 
I did not obſerve them at all diſpoſed to touch the wheat, and _ 
only carried into their neſts a ſmall barley-corn. 

I have thus in my reſearches diſcovered two ſpecies of Ants; and 
' doubtleſs there may be many other ſpecies of them in theſe parts, 
which have not come under my obſeryation. - As to what ſorts of 
Ants are found in other countries, which are much larger than ours, 
and what may regard their collecting proviſions, and the nature of 
their domeſtic ceconomy, all theſe things are unknown to me. 

Theſe are my obſervations (ſuch as they are), reſpecting the Ants, 
from which I have collected, and ſatisfied myſelf of, the following 
particulars : Firſt, that Ants lay very minute eggs; ſecondly, that 
from thoſe eggs maggots are produced, which are fed by the Ants; 
and that the food which Ants are continually carrying to their neſts 
in the ſummer time, is for no other uſe than the nouriſhment of 
thoſe maggots ; and thirdly, that what people call Ants' eggs are 
either- maggots, cryſales, or the webs pun by the maggots, - -(with 
maggots in the inſide), _ 

To ſhew the true ſize of our Ants, I cauſed a drawing to be made 
of ſome of the red ones, which is expreſſed at fig. 7. 
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manner as I have ſaid of the red Ants. 


| ſelves! in lie 
| or mouth ofa? mag 


Ant has in its, mo 
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After this, being about two hours journey from our Wen of Delft 
and going into a plantation, belonging to a gentleman's houſe, a 
working man ſhewed me ſeveral Ants neſts, namely, ſome of the 
red Ants of the ſame ſize with thoſe in my garden, in which I found 
a great number of eggs and maggots of different ſizes, and man 
cryſales among them; alſo, ſome neſts, of black Ants, which ap- 
peared. to be propagated in the ſame manner as I have before deſ- 
cribed reſpecting them. But in theſe black Ants' neſts, I found no 
eggs nor maggots, except ſome maggots employed in ſpinning their 
caſes, and ſome cryſales in the cafes or webs. I alſo. here found 
a third ſort of Ants, of a bright yellow colour; theſe were as ſmall as 
the black Ants, and in them I could not diſcover any fting. The 
maggots that came out of the eggs of theſe Ants, when brought to 
their full growth, changed into Ants without ſpinning a web, in like 


1 


For my ftill farther ſatisfaction, I took out of my 4 two 


ſeveral Ants' neſts, and the earth which contained the moſt Ants, 


with their eggs, maggots, and cryſales mixed ; theſe I put into a 
glaſs about nine inches deep, and eight 7 in circumference, 
on which I put a glaſs cover, and gave the Ants for food ſome 


ſugar, a piece of a pear, and ſome cherries; placing the glaſs upon 


my deſk, in order, if poſſible, to diſcover the manner in which the 


Ants fed their maggots ; but theſe the Ants carried away, and con- 
cealed under the earth in the beſt manner they were able, ſo that I 
could get a ſight of but few of them at a time. But, upon obſerv- 
ing how motionleſs the maggots lay, I ſaw, that though ſhaken 


about or carried by the Ants from place to place, or whether lying 
in hea ps or. | He 


einen 


, and no Ants near them, they did not ſtir them- 
leaft. 4 8 


+3 


Anda as L Frequently 1 faw an Ant with its mouth cloſe to „ head 
a maggot, andi in that poſture lie motionleſs for a time, 
I conſidered that "nd one or more of the organs which the 


might be formed for no end than to 
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Hut it into the mouth of the maggots the food provided: for them 
dy the parents, which is what in beaſts we name ſuckling. 
From theſe my obſervations, I concluded that probably the food 
which we ſee the Ants in theſe countries carry to their neſts, is what 
they, for the time, have more than they can take into their ſtomachs; 
and that they hide it in holes and corners in their neſts, until they 
have fed their young with the nutriment prepared in their ſtomachs, 
and this being done, they reſort to the proviſions they have brought; 
which being prepared in their bodies to become nouriſhment for 
their young, they can immediately, without quitting | their 1 
ſupply the young e with more food. 
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ADDITION, BY THE TRANSLATOR. 


Mr. Leeuwenhoek having in this Eſſay noticed particularly, the erroneous 
figure given by a German author, of what he calls the Ant's egg - that 
figure taken from Mr. Leeuwenhoek's copy of it, is here ſubjoined : the 
Tranſlator not chuſing to inſert it in the Folio Plate, leſt it ſhould, at firſt 
fight, be miſtaken for a drawing given by our Author, with the 9 of 
whoſe figures this is altogether 1 MICONgTUOUS, 
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motions, 


Of a certain poiſonous Reptile, common in the Eaft Indies, called in 
Latin, Millepeda Indica, in Dutch Hausen en and i in English 
"ig named the thouſand legs.* 


I HAVE often hind mention made of the a aphid i or 
bite of a certain noxious animal in the Eaſt Indies, called a Mille- 
peda, or thouſand legs; this animal, as I have been told, creeps over 
the bodies of perſons afleep, and being of a very cold nature, the 
perſon is induced by the unuſual ſenſation to move; if the perſon 


does not ſtir, the animal paſſes away without doing him any injury, 


but if he moves, it bites him with the two fangs or teeth, placed in 
the fore part of its head; and although no blood follows the bite, 
but only a very ſmall red or livid ſpot appears, yet an intolerable 
pain, with a ſwelling, enſues, which remains longer with ſome per- 
{ons than others; and, to relieve this pain, the moſt approved reme- 
dy is, to drown the animal in oil of Olives, and to anoint the 
wounded part with the oil. | 

Being deſirous to ſee one of theſe creatures, 1 gave in charge to 
ſome labourers employed in this town to unload the Eaſt India 


ſhips, to bring to me a living Millepeda, in order that I might if 
poſſible diſcover from what cauſe the poiſon in its bite proceeded ; 
and thereupon they brought me one, about the ſize of my little 
finger, (though ſome of theſe are two or three fingers length). I 
immediately took hold of it with a ſmall pair of pincers, near one 
of its two ff 
ſcope, and all the while, the animal was continually opening and 
ſhuttings f its 5 fangs, as endeayourin g to bite. I ſaw that in each of 


angs/ or piercers, and examined the fang by the micro- 


oF 


* We 1 in England a an 1 animal probably of this ſpecies, though not venomous, e of 


much ſmaller dimenſions, to which the name of thouſand legs is given, particularly by chil- 
dren. Itis often found under tones or rabbith ; it is ſeldom above two or three inches long, 


but in ſhape 2 e to. \the nh wr in mw Wen ee in its 
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theſe fangs, there was a round hole placed in a kind of groove or 
furrow leading towards the point, the intent of ſuch furrow being, 
as J conceive, to convey ſome kind of liquid iffuing from the hole 
to the very point of the fang, while it is within the part wounded ; 
and hence, I imagine, that the Millepeda by its bite, wounds and 
tears open ſome of the blood veſſels, or other veſſels within the 
ſkin, and at the ſame time infuſes a liquid into the wounded part, 
which liquid, I ſuppoſe, contains ſome noxious: and very pungent 
falt, and that the pain felt is not occafioned by the mere bite, but 
from that noxious or pungent liquid. I did intend to have purſued 
my obſervations ſtill farther, and had deſired the labourers to brin g 
me more of thoſe animals, but none were then to be had; for 
though ſeveral were ſeen in the ſhip while the goods were — 8, 
they had been all killed upon the ſpot. 

The forceps, fang, or what may be called the ftin g of this Mille- 
peda, I preſerved, and cauſed a drawing to be made of it. Fig. 8, 
ABCD E F, repreſents a part of this forceps or ſting, as ſeen through 
the microſcope. At C is to be ſeen the furrow or channel, and alſo. 
the hole in it, through which this noxious animal, in wounding a 
man, injects the poiſonous liquor. 

After this, I was preſented by a certain gentleman who is fond of 
collecting all ſorts of foreign animals, with a large Indian Millepeda, 
of which I. have alſo cauſed a drawing to be made, becauſe many 
perſons know nothing of this poiſonous creature: this is ſhewn at 
fg. 9, 6 HIKL, and in this figure, I K, are the two fangs or ſtings, 


one of which is exhibited in the former figure, as ſeen through the 
microſcope. 


of a Flea to produce a perfect Flea, I ſat about making experiments 
to aſcertain that fact; but it was not till after many trials that I 


great avidity, and thereby were very ſpeedily increaſed 1 in ſize. 


Or THE FLEA. ; 


* 


BEING defirous to know how long time was requiſite for the egg 


could make a regular ſeries of ſucceſsful obſervations. 

In the month of July, I encloſed ſeveral Fleas in a vlaſs, that 
they might lay their eggs; the worms or maggots hatched from 
their eggs, I nurſed with all the care I was able, feeding them 
every day with flies, which I firſt killed ; theſe they devoured with 
My 


obſervations on this ſubject are as follows: 

On the 6th of July the worm came out of the egg. 

On the 17th of July the worm appeared all over white, from 
whence I concluded that it was near dying; I twice offered it freſh 


flies for food, but it would not eat,. and appeared to me to be mo- 


tionleſs, but viewing it with the microſcope, I ſaw that it was 


_ employed in ſpinning round itſelf a web or covering. 


The $15t of July, this worm was changed into an aurelia or 
chryſalis, which was of a tranſparent white. 

The 25th of July, this chryſalis aſſumed ſomewhat of a red colour, 
which continually grew deeper and deeper. 

The 30th of July in the morning, it was entirely red, and in 
the evening the Flea it contained was leaping about the glaſs. 

Hereby we ſee that in the middle of the ſummer, in four days 


time after an egg is laid dy the Flea, it produces a worm or mag- 


got, which in eleven days attains to its full growth, in four days 
time it is changed into a chrysalis, and in nine days more it becomes 
a perfect Flea. 

Now if we lay it down, that it is with 8 n as 5 


moſt ſmall animals, which in like manner undergo a change, (at 
„ | E 
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(44) 
at as far as 1 know) that their eggs are formed in their bodies be 


fore they come out of their aurelia ſtate ; it will follow, that Fleas 


immediately upon their coming forth into life out of their webs, 


can copulate, and in three or four days time lay eggs, ſo that in 
the ſpace of twenty-eight days, from a newly laid egg, a Flea may 


be produced. This being the caſe, it is no wonder that in the 
ſummer we at ſome times perceive no Fleas in our houſes, and at 


other times they appear in great numbers without being brought from 


elſewhere; and if we alſo ſuppoſe, as I am well aſſured is the caſe, 


that Fleas, after they have copulated and laid the eggs which they 
had within them, do then die, we may conclude that we are not 


tormented for a long time by one and the ſame Flea. 
But Whereas many flying inſects do, within a few ſucceſſive 


Pine lay all their eggs, this is not the caſe with Fleas ; for a Flea, 


which in one day or night laid 4, 3, 6, 7, 8, and even 12 eggs, 


being afterwards ſhut up in a glaſs laid no more, though upon 


opening it, I found in its body many eggs remaining, ſome of 


which were exceedingly ſmall, whence I concluded that a Flea 1 


being ſo ſhut up, its laying no more eggs was occaſioned only by 
want of food. To ſatisfy myſelf in this respect, I took ſeveral 


female Fleas, after they had laid their firſt parcel of eggs, and 
contrived to confine them on my hand, in order that they might 


thence get a ſupply of nouriſhment: one of theſe ſucked the blood 
with great avidity, standing as it were upon its head, and lifting 
up its hinder and middle feet with. a quivering motion in them, 
this Flea the following day laid two or three eggs, and two or three 
days ſucceſſively afterwards, I placed it again on my hand, that it 


might get a further ſupply of food, but in vain, for it did nothing 


but leap about and endeavour to eſcape. The like happened to me 
in ſeveral other trials I made, but if the Fleas would have con- 


tinually fed on my arm or hand, 1 would have done my beſt to 


ascertain what is the natural term of this creature's life. 
On this occaſion I cannot but obſerve that we meet with many 


7 


8 


( 35 ) 
men wks ſet themſelves i in oppoſition to all new diſcoveries, being 
riveted- to old opinions ; ; yet are themſelves too indolent to in- 
vestigate the ſubject, and the rather, as theſe reſearches into 
Nature's works are often very troubleſome, and bring no gain or 
profit. I ſhould endeavour to confute ſuch opponents, did I not 
think it would be loſt labour; and, indeed, I know not who 


would bestow ſo much labour as I have done on that minute and 


despiſed creature the Flea. | la 

During the ſpace of two months and upwards, I Wy into the 
hands of my maid-ſervant four or more glaſſes, with cork ſtoppers, 
and directed her to confine in them as many as ſhe could catch of 
the largeſt ſort of Fleas, which are always females, with a caution 
to handle them gently, that none of the veins or veſſels in their 
bodies might be injured ; and theſe Fleas I frequently removed into 
freſh glaſſes, to preſerve the eggs they laid from being ſoiled with 
the excrements they voided, in which, by the way J have plainly 
ſeen a great quantity of ſaline particles. Now, if, as has been 
obſerved above, in twenty-four days a perfect Flea is produced from 
an egg, we ſee that in a ſingle ſummer, or rather from the month 
of March to November, Fleas may be propagated ſeven or eight 
times, and ſo often may we be infeſted by new Op of 
them. 

Not content with the preceding obſervations, I at ſeveral times 
trained up or nurſed the worms from the Fleas' eggs, till they grew 
to their full ſize, and I found that an egg in three days time pro- 
duced a worm or maggot, and the worms or maggots in twelve or 
thirteen days, or little more, came to their full ſize. In particular, 
about the middle of Anguſt, I had two maggots, one of which 
came out of its egg about two hours before the other: the firſt of 
theſe I glued to the point of a ſmall braſs pin, and placing it before 
the microſcope, I gave it into the limner's hand, directing him to 


make a drawing of it, as nearly as he was able, for the worm 


moved itſelf about violently. 
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Plate XII. fig. 10, A B Cexhibit this worm or maggots as glued | 


to the pin, and appears to the view as if it lay on its back. A is 


the head, on which are two prominent parts, like horns, out of 


which proceed two other ſharp weapons, ſo ſmall that the limner 
did not perceive them until they were pointed out to him: between 


theſe horns appear two ſhorter prominent parts, which are not 


placed on the head, but at the lower part of it, where the mouth 
is ſituated: theſe parts the maggot uſes in moving from place to 


place, and alſo thoſe parts at the hind part of its body, Which are 


pictured at C. 


After this dos Was Fin the worm rage! ſo violently, 
that it got looſe from the glue, and in fixing it again on the pin, I 


happened to touch its head with ſome of the glue, whereby it was 


much hurt, and after remaining fixed for ſix hours, it died, ſoon 
after which I perceived the moiſture of its body ſo much evapo- 
rated, that it was contracted into many wrinkles, and at the end 


of twenty-four hours it was ſo dried as to looſe all likeneſs of a 


maggot, whereas the other which was hatched two hours later, 
and had remained fixed before the microſcope only. two hours 


leſs, was not only alive, but its body as fully diſten ded as if it had 
been newly hatched. 8 


After this worm had been thirty hours Fog the microſcope 


and was ſtill very lively, I thought I ſaw its body not ſo com- 
pletely filled out, and conſequently that ſome of its moiſture was 


evaporated. I frequently afterwards inſpected it, and at the end 


of ſixty- four hours, I ſaw it ſtill in motion, but its body diminiſhed 
in ſize: this day the ſun ſhone very hot. | 


At the expiration of four days and nights this worm was ſtill in 
motion. I did not examine it again till ſixteen hours afterwards, 


and its body was then much contracted : the following morning the 
moiſture of it was ſo eyaporated, that it could not be known to be 
a worm. 

This circumstance, namely, that in living creatures there is ſo 


1 


( #7 ) 


wud 


| lit tle waſte of moiſture, I have obſerved, not only in this maggot, 


but in many minute animals, and even in the eggs of ſmall inſects, 
(among which I reckon thoſe of the flea); for if the fruitful and 


barren eggs are placed beſide each other, we ſhall ſee the barren 


ones dry away, whereas the fruitful ones will retain their moisture, 
at leaſt, ſo far as to. afford the maggot in- the egg sufficient for its 
nouriſhment. _ 
But what ſhall we ſay, whe we obſerve that the evaporation of 
the moiſture in ſmall living creatures, or their eggs, is ſo little, inſo- 


much, that a Flea ſhall remain wrapt up in the web or caſe it ſpins 


for four entire months, and yet its moiſture not evaporate ſo 
far as to cauſe its death; whereas the moiſture exhales from the 
body of a dead flea in ſo ſhort a ſpace of time. In. a word, we 
cannot but wonder at theſe appearances, and here our reflections. 
muſt terminate. 

Before this worm, I have laſt n e! came out of its egg, I 
placed the egg before the microſcope, and cauſed a drawing to be 
made of it, becauſe I could not only ſee the worm alive in the egg. 
and how its body was placed, but I could alſo diſcern through the 
ſhell, many of the joints in its body. 

Fig. 11. DE represents the egg of the Flea with the worm or 
maggot in it, and which egg had been laid but three days. Fig. 12, 
FG, is the egg from which the maggot had crept out, and in which 
may be ſeen the manner how it had broke open the ſhell. These 
eggs. of the Flea are no larger when viewed by the naked eye, than 
ſmall grains of ſand: and as objects do not appear of the ſame ſize 
to the eyes of every one, ſo it was with the limner who made this 
drawing; for the breadth of this egg appeared to me twice the ſize 
here repreſented, and the worm alſo in the same proportion. I 
could, however, if neceſſary, have made drawings of theſe objects 
from microſcopes of greater magnifying powers.. 

After the preceding remarks, I ſo far ſucceeded in the treatment 


(8 ) 
of vera worms or maggots, that I had two which acquired their 
compleat portions of nouriſhment, and began to ſpin their webs; but, 
| becauſe the bottom of the glaſs wherein they lay was ſtopped with 
a ſmooth piece of cork, and that preſſed in ſo tight that they could 
not penetrate it, they could not completely cover themſelves with 
the web. For in like manner as ſilk worms are placed in a paper 
of a round tapering form, called a cup, in order that it may fix its 
web on every ſide, and be completely covered by it; ſo the worm 
produced from the Flea's egg, when come to its full ſize, endea- 
vours to creep into cracks, holes, or Corners, ' in order to incloſe it- 
| ſelf on every ſide with its web. 

At ſeveral times I contrived to prevent the maggots encloſing 3 
themſelves completely in their webs, in order that I might the more ; 
eaſily diſcern their alteration into a chryſalis or aurelia. But how 
often ſoever I viewed them after they had ceaſed eating, and their 
change approached, I could only perceive that they placed them- 

ſelves in the ſame poſition as they had lain in the egg. But exa- 

mining them in the afternoon in this poſture, T found upon look- 

ing at them three hours afterwards, that one of them was changed 
into a chryſalis. Upon viewing another of them through the mi- 
croſcope, I perceived a mite upon its body, where it remained ſome 
time, and another larger mite running about the glaſs, whereupon 
I concluded, that at the time thoſe worms are in their ſtate of 
change and unable to defend themſelves, the mites will ſeize and 

feed upon them. After this worm had thus laid for ſome hours, T 
ſaw that its body was somewhat contracted, whereupon placing it ! 
before the microſcope, I perceived three holes pierced in its body, 
part of its ſkin ſtripped off, and the body of it EN to dry 
away. 

Hereupon I began to Sunne that this web or covering ſpun by 
the Flea's worm or maggot is necessary to it, and that without it, 

*thoſe creatures could not eaſily be propagated; for there are ſel- 
dom any fragments of food, or the bodies of ſmall animals lying 


i 


„ 
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| about our houſes, but they are immediately found out by mites who 


come to feed upon them; and, in the preſent cafe, though I thought. 


1 had perfectly ſecured theſe maggots from the mites, becauſe the 


claſs tube wherein I had put them, which was almoſt an inch in dia- 
meter, and five inches long, was ſo cloſely ſtopped at each end with 
cork, that I ſhould have thought it impoſſible for any mite to get 
in; yet now I found the contrary to be the caſe: and indeed, I 
have often found mites feeding on things in places where I won- 


dered they could ſo ſoon discover their food. And now, upon 
ſeeing theſe mites about the maggots, it occurred to my thoughts, 


whether or no thoſe ſmall and very ſlender prominent parts in the 
maggot, which in fig. 10, are ſhewn at A, might not be wid 
designed for its defence againſt the mite. | 

But the web ſpun by the maggot, and wherein it incloſes itſelf, 
before its transformation, protects it in that ſtate from all attacks of 
the mite; and the like we may conclude, to be the caſe with the 
ſilk worm, which while in its ſtate of tranſmutation into a butter- 
fly, is protected by its cone or caſe, not from mites, but from 
birds; and this I am well aſſured is the caſe with all caterpillars, 
which when of full growth, and the time of their tranſmutation 
approaches, do incloſe themſelves 1 lou: kind of web, or co- 
vering. 

The maggot WEEN I have 852 I ſaw changed into a pt 1 
the next morning placed before a microſcope, and delivered it to 


the limner, to make a drawing of it. 


Fig. 13, ABCD E F, is this chryſalis; A K, are the horns of the 


yet unformed Flea; LGB, is one of its fore legs, which riſe out 


of the head at L; and herein, at B, may be ſeen all the ſmall 
joints Which will be found in the legs and feet when perfectly 
formed: the like joints may alſo. be ſeen in C and D. 

H C is one of the middle feet, and at G may be ſeen that the 
fore feet partly cover the middle feet, and theſe in part cover the 


hind feet; ID and CH are the two hind feet, which are in part 
covered by the middle ones. 
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Fig. 14, MNO PQ, repreſent the pellicle put off by che mag- 
got, when it changed into a chryſalis, leaving the wrinkles in it as 


they here Pant; and at M are the "Rn where the maggot 8 
horns ſtood. 


Three days after this e had been WW 1 aw that the 
chryſalis was very much altered, and many parts appeared in it which 


till then could not at all be diſtinguiſhed ; therefore I cauſed a draw- 
ing to be made of this alſo, to ſhew ſuch alteration. 


Fig. 15, AS TV, is this drawing, taken as exactly as the limner 


was able to repreſent this ſecond appearance of the chryſalis. 


Fig. 16, ABCDEFGHIK LMN, repreſents an entire Flea, 


ps by the back to the point of a needle, and ſo placed before 


the microſcope, but being firſt killed, becauſe it would be impoflible 
to make a drawing of a Flea while alive. Nor, indeed, did I intend 
to have given a drawing of the whole Flea, but a certain learned 
gentleman ftrongly urged me to it, ſaying, that the world would 


thereby be more convinced, that Fleas are not produced from cor- 


ruption, but in the ordinary way of generation, and I therefore 
complied with his request. In this animal a great number of blood 
vessels were to be seen, particularly in the belly, but the limner 
only drew a few of them, ſaying, that it was not in his power to 
imitate the remainder in his drawing. 

This Flea appeared to me, through the Mate microſcope, eight 
times larger than here ſhewn, though the limner declared that it 
did not ſeem any larger to him. Nor could I ever have believed 
that there was ſuch a diverſity in the ſight of different people as I 
now find to be the caſe. But this limner was very ſhort ſighted. 


At DE F are ſhewn the hind feet; FG H the middle feet; and 
IKL the fore feet; placed on the head: and between theſe lie the 


organs or weapons with which the Flea pierces or bites, and ſeeks 
its food. LM N are two horns on the Flea's head. 


I had formerly figured to myſelf the manner in which Fleas must 


get their food out of the bodies -of men and animals ; but becauſe 
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thoſe parts in a Flea which J heretofore took to be the piercers or 
weapons by which it draws the blood, appeared now to be the 
ſheath or caſe of the real piercers, which divide into two parts when 
the Flea. thruſts out its piercers from between them. I will now 
deſcribe how theſe parts — to me upon the examination by 
three: ſeveral Fleas: * VI 2 . nere F4 4 

Fig. 17, ABC are the two Dans on che head, h have been 
ſhewun in the laſt figure, each of them has three joints, beſides the 
joint fixed to the head; D E is the ſheath or caſe; with the ſtings 
or piercers, which in a manner fit or lock into each other, as I ob- 
ſerved while I was Fu eee f to e bee tem. * A D 1s = 
of:ithehbadso:i. wh KL 4 

Fig. 18, G H ARK. eee ao the piercets, em their * or 
ſheath, placed in the head, between the two fore feet; which 
piercers and thèir ſheath are very difficultly diſcovered; meſs the 
fore feet be firſt cut off cloſe to the head, and even thus they will 
ſeldom be ſeen; becauſe the Flea, when not uſing its piercers, draws 
them within the ſheath, and places them cloſe to its body. But as 
a Flea, though its fore feet are cut off, will yet live a long time, 
my way always was, when I endeavoured to get a view of the 
piercers, to cut off its head, leſt, when I had removed the piercers 
from their poſition cloſe to the body, and ſeparated them from each 
other, the Flea ſhould draw them again out of fight. 

61, and GK, are two parts, which, having cavities in them, 
oppoſite to each other, conſtitute the ſheath of the piercers ; which 

piercers are placed in the cavity marked at G H. Theſe two ſtings 

or piercers might indeed be taken for a ſingle one but if we view 
the figure narrowly, it will appear that the limner has pictured the 
ſecond ſting as it were nn che firſt, ang not ende wm to 
the end at HCT I td 

Fig. 19, LMNO P, elrhiibits: PR theath w the Kings or piercers 
as I found them in a third Flea. Here I had better ſucceſs than in 
the. diffection of the two former Fleas. For at LN and LO are 

Vol., II. | F 


2 ) 
ping thoſe two parts which, when joined together- as I have 
before ſaid, conſtitute the ſheath, and are covered with many hairs, 
At LM and LP are the ſtings or piercers; and in one of them, 


LM, may be ſeen the cavity in which the other of them; LP, is 
placed, when both are at reſt: and when theſe two piercers are 


incloſed in the ſheath, theſe: four — _ be taken ihr one e 
_ 
While I was employed 5 theſe Aae my Gia 
brovght me a Flea, fixed to a ſmall needle. Upon placing this before 
the microſcope, I ſaw not much motion in its feet, and the ſtings 
or piercers were put forth from their caſe; and the ſting, L P, which 


was incloſed in the cavity of the ſting, L M, was moved up and 
down in a very pretty manner, Win great. nn. and as it were 


in play. 
Moreover, farther to gratify the curious, 1 * of 0 one of che 


Flea's hind legs; in doing which, part of the muſcle belonging to 
it was feparated from the body, this I fixed to the point of a braſs 


pin, in order the better to place the whole leg before a microſcope 


of greater magnifying power, and to cauſe a drawing to be made 
of its true ſhape. 


Fig. 20, B CPE F G HIKL MN, pdf this bind leg; AB 
is the muſcle, ſeparated from the animal's body at A. The firſt joint 


is ſhewnat CD MN, and BCN is the part by which it had been 
united to the body: in this firſt joint might very plainly be ſeen: 
four diſtinct parts, lying longitudinally, and probably were-tendons. | 


and blood vefſels; which veflels, and their more minute ramifica- 


tions, I could plainly fee. This joint, and all the others ſeen: 
through the microſcope, exhibited a tranſparent: yellow e like 


that of amber. 


Between the letters D ELM may he fen the perfect articulation 


whereby this firſt was united to the ſecond joint. 


E KL, reprefents the ſecond joint, in the middle of x which not 
only the nervous or muſcular parts lying lengthways, were plainly, 


-> -} 
to be . but alſo a blood veſſel, diſtinctly appearing to be com- 
poſed of annular parts, in which manner the blood veſſels of 
Fleas and other inſects are formed, ſimilar to the aſpera arteria, 
or the wind pipe in the lungs of animals. And at one time, hav- 
ing a Flea fixed by its hind part to the point of a needle, before 
the microſcope, I ſaw throughout the whole length, on each fide 
of this joint, as between EF and LK, and alſo, in the middle of 
it, a ' wonderfully ſwift motion or current of the juices, which ap- 
peared to me the plainer as there were globules mixed with thoſe 
juices : but I did not notice this motion, except at the time the 
Flea was moving its leg or foot, and then this motion continued 
for ſome time after the leg and foot were at reſt. Many perſons 
viewing this would ſay, that they had ſeen the circulation of the 
blood in the Flea's foot. | 
| Moreover, upon the motion of the leg, as well in this joint as in 
the others, there was ſo great an agitation of the component 
parts as is inconceivable. This agitation, I concluded, was only 
cauſed in the fleshy muſcles of the leg, becauſe it partly continued 
after the death of the Flea; but it was impoſſible for the limner 
to imitate, in his drawing, all the parts he ſaw: and he often, while 
making the drawing of this leg and the other parts of the animal's 
body, broke out into an exclamation, Heavens! what wonders 
bere are in ſo ſmall a creature!“ 

FGIK is the third Joint of the leg, in which may be ſeen many 
ſharp-pointed particles, ſticking out like thorns. 

At GHI are ſhewn the five laſt or ſmalleſt joints of the Flea's 
leg, all formed in the ſame manner ; and here plainly appears how 
all theſe joints mutually. depend upon, and are ſubordinate to, 
each other. 

At H are two perfect] y formed claws : with theſe every one of 
the feet is furniſhed, and the Flea uſes them with ſuch wonderful 
ſwiftneſs and dexterity, that though when ſhut up in the glaſs he 


| n wet; and touches only a ſmall particle of dirt or impurity, 
F 2 


1 44 ) 2 | 
though it were only a particle of his own excrement adhering to che 
glaſs, he can, by a touch only of one claw; cling to it. | 
DEF Now if we reflect on this wonderful and complicated formation 
5 | — joints in a Flea's leg, we ſhall ceaſe wondering that it can leap 
| I height as we ſee; nor aſk the queſtion (which I have 
often had put to me) whether Fleas had Wings. to bays them ſo far 
and high!) 
Farther, I cut a maggot, produced ton the Flea's 8 egg, ds was 
almoſt full grown, into two pieces, and. placed each part before a 
microſcope of the ſame magnifying power as that by which the 
maggot newly hatched was drawn : but if I had placed the ma ggot 
entire before the microſcope it would have been impoſſible, by - 
reaſon of its continual motion, for the limner to have n a true 
figure of it. 
Fig. 21. ABCD, repreſents the head and thave firſt FRG af 
this maggot's body : I had placed it upright before the microſcope, 
ER OR, but before the limner had got it, the head was inclined downwards; . 
| as ſhewn at ABC; nevertheless this. piece of a maggot, for the 
ſpace of an hour, moved itſelf, and often lifted up the head. , : 
Fig. 22. E F G repreſents the four laſt joints of the maggot, con- 1 
ſtituting its hind part, in which not only may plainly be ſeen, at a 
F, the organs or limbs with which the tail of this maggot is. pro- 
vided, but the ee may alſo * diingwiihad where the excre- 
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ments are voided. | : | | 

Now this maggot not _ provided. with. any limbs Or: organs ; 

1 for moving from place to place, except what are ſeen in fig. 21, at | 
4 D., in its head; and in fig. 22, as F. in its tail: the many hairs it 
116 8 has on its body are a great help to its motion; but, at the ſame 
Es time, are a very great hindrance to it, if it meets with any liquid 


matter. So that even the hundredth part of the liquid excrement 
voided by the Flea at one time, is ſufficient not only to adhere ta 
thoſe hairs on the maggot, ſo as to ſtop its progreſs, but alſo to 
8 kill the maggot itſelf, by reafon that it is not able to extricate itſelt 

from the moiſture: therefore, as We see how little able theſe mags. 


gots are to endure thoidire} we may conclude- that, if in places 


where Fleas abound, the floors or pavements be well wetted with 
water, the ere may be ann and W the n ; 


cleared of Fles. |; 


I have. cauſed a drawing to: be ak oh the lifes 0 14 in- 


5 cloſed the Fleas I had under my obſervation, for the information 8 
of any who may chuſe to proſecute my experiments. Hg. 23, 


NO Pd, is this glaſs, the cavity or orifice of Which, NO d, is 
about the fourth part of an inch in diameter: the ſphere or globular 


part, OP, is ſomething larger, according as may happen in the 


blowing it. I did not put more than two or three Fleas at a time into 


one of theſe glaſſes, and as ſoon as they had laid any eggs, I took 


them out of the glafs,, that it might not be ſoiled by their excre- 
ments or the vapour of their bodies, otherwiſe the hairs on the 
bodies of the maggots would ſtick to thoſe foulneſſes, ſo that ney 
could not be taken out of the glaſs, but would there expire. 

have now for ſeveral. years obſerved Fleas to lay eggs, and from 


uch of the eggs as were fruitful, maggots produced, which agus : 


were afterwards changed into Fleas: as before deſcribed- 049 
Since wie then ſee ſo plainly, that the Flea. is endowed with 
as great pertection-in.its. kind, as any large animal, all whoſe limbs 
may be ſeen with the naked eye, can any one give credit to the 
idle tales of old? one aſſerting that Fleas are produced from ſand-; 
another, from duſt; and another from the dung of pigeons; and 
laſtly, from urine : for that Fleas can be produced from duſt and 


filth, I utterly deny, as appearing to me impoſſible: nevertheleſs, 


that out of the Cust of a floor or pavement, Fleas will ſometimes 
come forth, I readily grant; but this 18 NO about in quite a dif- 
ferent manner. 

If many children be as in a room, in which the Fleas are not 
every day extirpated, and the floor or pavement is ſometimes 
ſwept; or if a floor or pavement be ſwept near to a place where a 
dog is accuſtomed to lye, there may very eaſily be taken up among 


Sg ( 46 ) 
the ſweepings, not only young maggots from the eggs of Finns, but 
full grown ones, and out of the chinks or cracks maggots may be 
ſwept, ſome of which are ſpinning their webs, and others, which 
have completed them, and are changed into cryſales; ſo that out of 
ſuch ſweepings Fleas may come forth day after day: and it may 
happen, that maggots newly hatched, may among ſuch duſt and 
rubbiſh find ſomething to afford them nonriſhment, ſo as to grow | 
up to be complete Fleas. And I am the more inclined to. believe 
that this may be the caſe, becauſe I could never get out of any dog, 
how much ſoever he was infeſted with Fleas, any of their eggs, 
nor ſee any about his body. But if we take a cuſhion covered with 
a green or any other dark colour, and let a dog lie on it who is in- 


Go fested with Fleas (which I have often done), we ſhall find that the ; 
Fleas do not lay their eggs upon or near the dog, but the eggs will 

be found in the corners and ſewings of the cuſhion, where, by their ——Y 

whiteneſs, they will eaſily be diſcerned. ; 

We have, indeed, moderns who favour those old opinions, of | 

i 


5 whom I will only ſay, that if they were provided with a good mi- 

| croſcope, and would attentively beſtow a few days, as I have done ; 
many, in the inveſtigation of the ſubject, they would not broach g 
ſuch fables and childiſh ee as they. now write and EO to the 
world, 
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; On the ſeeds of Trees, with the author's reafoning and obſervations 


on the poſſibility of intermixing two different ſpecies of tree, ſo 
as to produce a third, partaking of the nature of both. An- 
gude, 1 in the feed of Cotton. 1 


| Bron an accurate examination of every kind of ſeed, we ſhall 


* 


diſcover in it the origin or firſt formation of the leaves and root of 


the future tree or * e to the we WOO of ſuch 
. 


This is particularly enable in the ſeed of the Aſh, which | 18 


repreſented of its natural ſize in plate XIII. fig. 1. In this ſeed, 


though no bigger than here pictured, I diſcovered not only two. 


leaves, but also that part from which the root would o, being. 


all very large in proportion to the ſize of the ſeed.. 


Again, all ſeeds in their formation, on the parent plant, receive 
their nouriſhment from a ſmall ſtalk, ſtring, or ligament, conſiſting 


of many veſſels through which the nutritive ſubſtance is conveyed,. 


fome ſeeds this ſtalk or ligament is very ſhort, in others as long, or 


longer than the feed itſelf. I will give ſome inſtances of this, be- 


ginning with the ſeed of the Aſh. 


analogous to that which in. animals is, called the navel: firing, In. 


Hg. 2. AB is the half of the ſhell; eaſe, or covering, ineloſing a. 


ſeed of the Aſh.. X D; ſhews where the ſmall: ſeed E F was placed, 


and from: whence- being: taken: out, as repreſented in the figure, 


there appears.the-ftring-or ligament A F, through: which the whole 


ſeed EF received its nouriſhment, being derived from the part A, 


which was Joined: to- the tree; and through which alone the 3 
can be conveyed: It is also to be obſerved, that the part in the 


ſeed whence the future root will proceed, is at tlie point F, where. 


the ligament is joined to it; ſo that the leaves of the future tree 


when in the ſeed, while it is united to the parent tree, are placed, 
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will have when growing. 


( 48 ) 
as I may „With their points Se : 
ſtalks upwards. But we muſt conſider that the ſeeds of the Aſh, 
which, grow Arn cluſters on the tree, do at length. by. their weight 
hang downwards, and that the ſame is the caſe with apples and 
pears,. which while they are very ſmall, ſtand. erect,on. their Falks, 
and conſequently the origin of the future plants raking n 

ſuc 


placed with its root upwards ; but when the fruit grows 


ſize, as by its gravity to hang downwards, then the young pantin 


7 


the ſeed or kernel, has its r root and leaves i in : the far ame 5a as i 
: t 34? 4 Þ 35 Wo oel 


Upon opening the ſeed of the Afh, I found! in ke inden; 
two large leaves, and alſo the firſt rudiment, or beginning of 


part which would become a root, and theſe eaves were larger 55 [ 


have obſerved in the ſeed of any plant whatever. Theſe leaves when 
examined by the microſcope,” appeared as in fig. 3.CDEF, and 


found them to conſiſt of an immenſe number of thin round promi- 
nent globules, which 1 endeavoured to imitate in the drawing, though 


they are not there repreſented nearly ſo ſmall as they ap peared to 
me. I alſo ſaw in thoſe leaves a great number of fibres, or more 
properly veſſels covered with wonderfully minute globules ; Which 
veſſels, but without the globules, are repreſented i in the figure: theſe 


veſſels ariſe from the inſide of that part whence the future ſtem 0 | 


trunk of the tree, and alſo the root are produced; which i is pointe 


out in the figure at AB CFG H. This laſt mentioned part which 


would produce the ſtem and root, beſides thoſe veſſels from 155580 


the fibres of the leaves iſſue, and Which may properly be conſidere 


as the marrow or ſap of the wood, is moreover provided with many 
veſſels; andin order to repreſent thoſe veſſels in a clearer light, 1 
cut a piece tranſverſely, at the place marked with the letters B G, 
and having placed the piece or ſlice before the microſcope, + made 
as exact a drawing as [ was able of it, with all the veſſels in it, as 


: 


* In England, theſe cluſters of feeds on the Aſh, from the reſemblance 1 bear to A 


bunch of ern, are called Aſh- keys. 5 9 . 


1 4, . «3.3 4 . 4 14 418 
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they appeared to me, a repreſentation of which is given at u 
IK LM. In this ſmall particle, I not only judged that there — N 
about a thouſand veſſels taking their courſe upwards, but it alſo „„ 
gave me a repreſentation of a complete branch of the tree cut tranſ- 
verſely ; for the external ſurface repreſented the bark; the part next 
it, in which are very ſmall dark ſpots, denoted the wood; which dark 
colour was only cauſed by this, that in cutting the lice, the knife 
had ſqueezed together, or ſtopped, the ſmall tubes or veſſels of which 
it was compoſed; the middle part, the ſap, or thoſe veſſels which 
would produce the ſtem or branch, and being cut tranſverſely, ap- 
peared round bodies. But this figure was drawn from a microfcope 
of greater magnifying power than that uſed in the former, in order 
to ſhew the nature of this ſtem and root more diſtinctly, ſo that the 
diameter of this figure at I L, is about twice the diameter of the * 
marked in the laſt figure by B G. 

Moreover, in this ſmall trunk or ſtem, I ks in ſome Si 
ſome round particles, as if they were ſmall round corpuſcles in the 
tubes or. veſſels, which are repreſented between the letters A 
and B. 

I have thought it right here to exhibit the ſize of the young 
3 in the ſeeds of ſome other trees, to ſhew that it by no means 
follows of conſequence, that the largeſt ſeeds contain the largeſt 
rudiments, or originals, of their future plants, for the young plants 
in the ſmall feeds of the Aſh are vaſtly ſuperior in ſize to the very 
ſmall leaves which the large ſeed of the Walnut contains, and 
which, as ſeen by the microſcope, are ſhewn at fig. 5 and 6, the 
. originals of which I took from two ſeeds of that ſpecies, in order 
to note if there might be any material difference between any two 
of them. In theſe figures I have only repreſented the leaves, be- 
cauſe in the rudiments or originals of the tuture ſtems and roots, 
(which in this ſeed are ſomewhat longer than the leaves), I per- >. 
ceived little or no difference in the form from thoſe in other ſeeds. 


In drawing theſe two figures, I found it quite impoſſible to repre: 
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( 50 ) 
ſent the very minute globules of which theſe young. and unformed 


ares were compoſed. 


J have in another place ſaid, that there are no blood veſlels 
intermixed among the ſmall fibres or fleſhy ligaments of which a 
fleſhy fibre conſiſts; but that the blood veſſels which ſurround the 
fleſhy fibres, are placed in or between membranes; and I have alſo. 
laid down my idea, how far the fleſhy fibres are nouriſhed from the 
blood veſſels; fo in this caſe, I ſay, that all the leaves of trees and 


Plants are formed of globules (beſides the veſſels or fibres of the 


leaves), all incloſed in a membrane conſtituting the ſurface of the 
leaf, and the manner in which, I imagine, that theſe globules, al- 


though they touch no veſſels, are yet nouriſhed by the veſſels, I 


take to be this: we muſt first underſtand, that almoſt all the leaves 


of trees and plants, while united to the plant, conſiſt of two third 


parts water or a watery ſubſtance, and that the globules, of which 


for the greateſt part, the leaves conſiſt, do not lie ſingly or ſeparate, 


but many of them heaped together. Thus let us ſuppoſe fg. 7, 
ABCDE, to be the veſſels in a ſmall piece of a leaf, and that thefe 
veſſels have a great quantity of globules, which in the nouriſhment 
of the leaf are ſupplied and ſupported by the veſſels : then upon 
the globule F receiving a ſupply of nouriſhment, partic ular] y water, 
from the veſſels to which it is cloſely conjoined, it muſt neceffarily 
impart this nouriſhment to G, and that the fame nutritive ſubſtance 
will be conveyed from G to H, not only beeauſe theſe globules are 


cloſely conjoined together, but alſo. becauſe as before mentioned, 


the greateſt part of the ſubſtance of the leaf, and conſequently of 
each globule, conſiſts of a watery matter or fubſtance ; and thus, 
thoſe globules which are next the veſſels, cannot receive any nou- 
riſhment from them, but they muſt impart of it to thoſe globules 
next to them, and thoſe again to others. I have formerly eom- 
pared this communication of nouriſhment to dry globules or balls 
of clay, which we will ſuppoſe lying in a glaſs, and only one of 


thoſe balls to be made wet, and the moiftening being continued, 


ey; 
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tie other balls of clay contiguous to this moiſt one, receive the 


moiſture from it and become wet, and theſe again lying in contact 
with others, at length all the globules or balls of clay will, by 
means of the firſt globule, become wet; and this is the caſe in the 
nouriſhment of leaves and alſo of fruits. 

Ng. 8, ABC repreſents the outſide of the young been in an 
Abmond, and upon removing them, I perceive ſeveral leaves in- 
cloſed in them. Fig 9, ABC, is the outſide of the leaves in the 
kernel of a Cherry, and fig. 10, ABC, the _— as they 2 


to me, in the kernel of an Apple. 


Now, if in ſuch ſmall ſeeds as thoſe which bande the Affi (one 
of the largeſt trees growing in this country), and which ſeed is ſo 
light, that ſix of them ſcarcely weigh four grains, if in theſe ſeeds, 
I ſay, we diſcover, not only the perfect leaves with their veſſels, 
but alſo the ſtem and root of the future tree, and theſe much plainer 
and larger than in the Walnut or Hazle, we ſhall alſo eaſily per- 


ceeive that wiſe and provident Nature in all her operations, and 


eſpecially in the propagation of plants and animals, perfects her 
Work, by ways and means ſimilar or analogous.“ For the ſeeds 
of trees and plants not only contain in them the origin of the future 
plant, but alſo a white ſubſtance which we denominate meal, in 
order to nouriſh and ſupport the young plant, until it has ſtruck its 
roots mto the earth and can draw nouriſhment from thence. Be- 
ſides which, many ſeeds are provided with an oily ſubſtance, 
whereby the young leaves and plants are kept from drying up, and 
+ many ſeeds which have not this oil will not remain long good out 

of the ground 


„In the . it is „all ſeeds muſt neceſſarily be provided with a mealy ſubſtance,” 
&. but this is a miſtake which the author corrects preſently afterwards in his account of the 
ſeed of Cotton. 


+ This is particularly the cafe with the Acorn, which by nature is defined to regetate 
immediately after it quits the tree. 
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ie. 111 G HT is the half of the hard ſhell of the Filbert. K LM 
is the nut or kernel taken out of the ſhell. G is that part of the 


ſhell which was united to the tree, in which part there is a very looſe 
or ſpongy paſſage through which the ligament of the nut or kernel 
paſſes, as G L, to convey the nutriment for the formation of the 


young plant, and alſo a ſufficient quantity of aliment to ſupport it, 


when the nut is ſown or planted, until the root of that young plant 


in the nut, has extended itſelf ſo far out of the hard ſhell as to reach 


the earth. This figure alſo ſtews that the ſubſtance, which through 


the ligament is conveyed for the ſupport of the nut, does not-at-all 


ariſe from the hard ſhell, but that the ligament having a paſſage 
through the ſhell, conveys the nouriſhment from the tree itſelf. 
"Theſe ſtrings or ligaments, whereby the young plant and the rest 
of the ſubſtance of ſeeds is nouriſhed, have alſo coats or barks of 


their own, and within this coat or bark in the ligament of a Filbert, 
I think there are above an hundred ſmall veſſels, all which, as far 
as | could ſee, are formed of fibres in a'twiſted ſhape, 1 in like man- 


ner as if one were to wind a piece of ſmall copper wire round a pin, 
and then draw out the pin from the wire, _— it in the form de- 
lineated at fig. 12, A and B. | 


It is worthy of conſideration reſpecting theſe mene that in 


almoſt all ſeeds the ligament is joined to that part of the nut or kernel, 


from which the young plant will ſhoot, as may be ſeen at fig. 13, 


letter A, (which is a Filbert drawn ſomewhat larger than the na- 


tural ſize, in order to ſhew more eaſily the courſe of the veſſels pro- 


ceeding from the ligament), in which figure the ligament takes its 
courſe from A to B, and in its paſſage ſpreads itſelf into divers 


branches, and theſe again into ſmaller ones; and thus ſpread through 


the whole nut, which ligament, or the veſſels ariſin g from it tend 
to the ſame point, and finiſh where they begun,. that is, where the 
young plant will be produced. ; 


I made a tranſverſe ſection of the e by ade the Almond 


is nouriſhed, becauſe it is ſomewhat thicker than that in the Filbert, 
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and made a wing of it as ſeen through the microſcope, which is 
to be seen at fig. 14, CDEFG. This ligament is divided into 


ſeven compartments, which compartments are of a reddiſh colour; 

the veſſels they contain, I have repreſented in the figure as they are 
placed in one of the compartments at FG H; and from a view of 
the veſſels in this ſingle compartment, any one may eaſily figure to 


himſelf the great number of veſſels in the ligament, by which the 


Almond, the Filbert, and moſt ſeeds are nouriſhed ; for upon exa- 
mining the ligament of the Filbert, I found 1 no difference in it, ex- 


cept that the ligament of the Almond was larger in every part. 


In my remarks and contemplations reſpecting the propagation of 


trees and the nature of ſeeds, I turned my attention to the Willow, 


which is no otherwiſe propagated among us, than by cutting off a 
branch and planting it in the ground, where it grows to a tree. But 
becauſe I had obſerved ſeveral Willows growing in fields and on the 


banks of ſtreams, in places where I judged they were not planted 


by hand in the way I have deſcribed, but to have been-produced 
from ſeeds; I turned my mind to diſcover what was the fruit or pro- 
duce of the Willow, in order to diſcover the nature of its ſeed. 'The 
only fruit of the Willow is a kind of wool or cotton produced on it, 

about. the beginning of the month of June, and at that ſeaſon, upon 
examining this cotton, I ſaw lying in it many dark coloured parti- 
cles, a little larger than grains of ſand. Upon viewing theſe parti- 


cles by the microſcope, I found them to be the ſeed of the tree, and 


that the cotton and theſe ſeeds were formed in a kind of cells of a 
violet colour, and of theſe cells I counted ſeventy-five; placed near 
each other on a ſmall branch, which ſeemed deſtined for no other 
purpoſe but to produce the ſeed, and in each of theſe cells, three, 
four, or five ſmall ſeeds lying among the cotton; and J could per- 
ceive that the cotton was formed out of the ſeeds in the time of their 
growth. Theſe ſeeds were of the ſize repreſented at fig. 15: the 
cotton of the ſeed was in two, three, four, five, and. fometimes of 
fix filaments, joined together by a kind of knot and united. to the 
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ſeed: and when the ſeed and cotton were fully ripe, the cells in 


which they were contained, burſt-open, and the cotton looſed itſelf 


from the ſeed, and then each particle of cotton which before had 


laid in regular order beſide each other, as at fig. 10, ſtarted 


aſunder, as repreſented at fig. 17; by which means' a ſmall 


quantity of the filaments of the cotton being ſo widely diſperſed, 
was, with the leaft wind carried away, bearing with it many of 
thoſe minute ſeeds, and flying over walls and buildings, could de- 
poſit, the ſeeds of the Willow in very diftant grounds. Upon nar- 


rowly inſpecting this feed, I faw that the part from whence the fu- 


ture root would arife, and which was about one third of the ſeed, 
was provided with many veſſels which ſeemed to conſiſt, for the 
moſt part, of oblong and round particles. The reft of the ſeed 
conſiſted of two parts joined clofe together like leaves, very ſolid in 


proportion to their fize, of a dark green colour, and ſeeming to be 


formed of globules. Having ſeparated theſe aſunder, I faw two 
very minute protuberances, which I imagined were the beginnings 


of two leaves, and the origin of the future tree ; hence I concluded, 


that the firſt two parts which I have compared to leaves, were only 
deſigned to afford nourithment to the young plant, until it ſhould be 
provided with roots, by which it could extract its nouriſhment. from 
the earth. 

In order further to atisty n my curioſity aſia this very mi · 
nute ſeed, from which fo large a tree as the Willow is produced, 
I took ſome of the ſeeds, and, in the month of June, placed them 
in moiſt ſand in my cloſet, in order to fee how the beginning of 
vegetation would be performed in this very {mall feed. But before 


1 put the ſeed into the fand, and while it was yet very dry, I viewed 
it with the ſame microſcope from which the drawings of the pre- 


ceding young formed plants are taken, and it appeared as repre- 
ſented at fig. 18, ABCDEF: but theſe ſeeds were of very dif- 
ferent ſhapes, for in drying they became crooked, fome more than 
others. ABEF, is that part of the feed from whence the root 


would ariſe. 


* 


„ A 

Wben this ſeed had lain in the wet ſand thirty-ſix hours, it ap- 
peared as at fig. 10, GH IK L. And here it appears how much 
of the ſeed was to form the root, Which is marked by the letters 
GH K L; and it was not only grown longer, but in the very ſhort 
ſpace I have mentioned, fix diſtin& roots had grown out, as repre- 
ſented at GL; and thoſe parts, HI K, which I have deſcribed to 
be like leaves, and which, while the ſeed was dry, could not be 
ſeparated without the greateſt difficulty, now opened as it were of 
_ themſelves, to make room for the plant contained between them. 
And when this ſeed had remained in the moiſt ſand ſeventy-two 
hours, I found that the roots had ſpread themſelves into divers 
branches, which were ſa ſtrongly twiſted among the particles of 
ſand, that it was IE: to ſeparate them without breaking the 
roots. 

It is well worthy of remark, reſpecting the Willow, that the ſeeds 
are ripe before the leaves on the tree are grown to their proper 
ſize, whereas the fruits of moſt trees, and conſequently the ſeeds 
contained in them, do not arrive at maturity till much later in the 
ſummer, or elſe in autumn; ſo that in the Willow, the ſeed being 
ripe in the ſpring, a new tree may be produced from it the ſame 
year. This I have alſo obſerved in the Elm: for, about the end of 
May, I took ſome ſeeds, which are of a very ſmall ſize, from an 
Elm, when the leaves on the tree were about half grown : theſe 
ſeeds, which were dry, I put into wet ſand, and after three days 
they began to grow. I have alſo found that the Poplar tree, which 
produces a cotton formed with two flat ſides, like the Willow cot- 
ton and the Indian cotton, produces its ſeed about the end of May, 
or the beginning of June. 

Here we ſee, that in fuch a ſmall ſeed as that of the Willow, 
not only the young plant and the root of it, which is provided with 
veſſels as if it was a complete tree, can be ſeen, but alſo that 
within fix-and-thirty hours the ſeed will begin to grow, even in 
a Cloſe room, ſo that the young roots may be diſtinctly ſeen. 


| „„ 

T have ſometimes thoughit, that if it was poſſible to take out the 
young plant from any ſeed, and unite it to another ſeed, in that 
place where the young plant was formed in that ſeed, a tree or fruit 
would from thence be produced of a ſpecies unknown before : as, 
for example, if we could take out the young plant from the Walnut, 
and unite it to the ſubſtance of a Cheſnut, a tree would be pro- 
duced not like either of the trees from whence thoſe fruits were 
reſpectively produced, and conſequently a tree of a new ſpecies. 
And a certain eminent gentleman hearing me mention this, urged 
me ſtrongly to make the experiment, ſaying, that though of thoſe. 
two ſeeds only one could vegetate, yet we might expect that ſome 
third plant of a new ſpecies would be the reſult. For my part, 1 
conſidered the thing as impoſſible to be performed, and ſo I found 
it upon further inveſtigation of the ſubject ; but as there are not 
many men well informed in the firſt formation or growth of trees 
and plants, I will here deſcribe the nature of the firſt formation of 

the young Plant, both in a Cheſnut and a Walnut. 
Fig. 20 is a Cheſnut, broken in half; A is the rudiment or firſt 

beginning of the plant, and though the Cheſnut is a very large 
ſeed, yet the original or firſt formed leaves can very rarely be diſ- 
covered in it; and indeed I muſt confeſs, that among many Cheſ- 
nuts I found but one in which I could diſcover the two leaves of the 
young plant; the upper part of the young plant was ſomewhat of 
a round form, and furnished with a ſort of cavity. This beginning 
of the plant, marked at A, is not only firmly united to the ſub- 
ſtance of the nut, but there is one remarkable particular in it, 
different from other plants, that it has not only. two ftrings or 
ligaments to convey nouriſhment from the Cheſnut to the' young 
plant, until it is of ſize and ſtrength to draw nouriſhment from the 
earth, but theſe ligaments are provided with a great number of 
veſſels, having their riſe in the Cheſnut, to convey the nutritious 
juices ; and theſe veſſels produce others in the root and ſtem. Theſe 


(67 ) 
veſſels are of che ſame formation as I have n erden the 
ligaments of the Almond and Pilbert. 

ig. 21, ABC eis a Cheſant, eh 1 put into an 1 . a 
filled with moiſt ſand, and placed in the chimney, it being in the 
winter ſeaſon, and watered it every ſecond, third, or fourth day, ac- 
cording; as the difference of heat ſeemed to require: CD and A E, 
are the two ligaments to which the young plant is united; FG, is 
that part which will ſpring up to a ſtem; G, indicates the leaves the. 
ginning to ſhoot; and EH D, the root. And here we ſee to what 
uſe the Cheſnut is deſtined, namely, to ſupport and. nouriſh that 
ſmall part contained in it, which is to conſtitute the future plant; 
and this is performed through the two ligaments, until the young 
plant and its root are grown to a eee ſiae to draw their nou- 
riſhment from the earth. 

Hg. 22, is a Walnut, ſo divided or cut as to N at 1 K. che 
origin or firſt beginning of the young plant. And whereas I have 
aid, that in a Cheſnut the young leaves are not to be diſtinguiſhed; 
on the contrary, they may eaſily be ſeen in a Walnut: for in every 
one of them that I examined, I could, with the mioroſcope, as 
_ plainly ſee the leaves, as with the naked eye we can ſee young 


| leaves in the ſpring. I, denotes that part which will grow into 


branches and a tree; K. the eie part from which the root 
will flue. 
TI alfo treated ſeveral Walnuts } in the ſame manner as I have men- 
tioned reſpecting Cheſnuts, in order to obſerve their vegetation. 
Fig. 23, LMNOP, is the Walnut; L and P, are. the ligaments, 
to convey nouriſhment from the root to the young plant. Theſe 
are provided with a great number of veſſels, which, from the ob- 
ſervations I made on two ſeveral ſeeds, I was well aſſured were 
ſpread through the whole ſubſtance of the nut, or ſeed, in order to 
convey its moſt nutritious juices to the young plant, until it ſhould 
be ſufficiently grown to draw its nouriſhment from Fg earn; RP, 
is the root. | 
Vor. II. 75 H 


2 — — — — R——_ « 


Cw). | 


Froh theſe. obſervations, - ſhewing the cloſe connection of the 


young plant by the ligaments! with their multitude of veſſels, with 


that mealy ſubſtance which we call the ſeed, it plain bly nppears, that 


we cannot take out the young plant from ſuch ſeeds, without 


breaking thoſe ligaments and their veſſels; ' and when they are 


broken tlie young plant is dead, and cannot be removed into any 
other ſeed; ſo that it ſeems to me impoſſible to remove the young 


plant from a Chefnut to a Walnut, and 0 to — it chat anal Ce 
nut ſhall grow in the Walnut, n 


And though we may be able to take out ane young ; plane: From f 


the ſeeds of Aſh, Lime-tree, ' Gooſeberries, ' Currants, or the _ 
without breaking the ligaments, or rather without obſerving the 

yet we muſt conſider that were there are no ligaments with not 
in them, yet, in ſtead of them, the globules compoſing the mealy 
ſubſtance of the ſeed are'placed in ſuch order, and fo cloſely united 


to the beginning young plant, that they either fupply the place of 
veſſels, or in reality are veſſels, the true ſtructure of Which is to 


us inſtrutable. Moreover, there will be always a conſiderable dif. 
ference between the ſize of the young plants in different ſeeds, and 
conſequently the place whence the plant is taken in one ſeed, will 
be too ſmall or too large to receive the young plant. from another, 
Add to which, that we cannot take out the plant without break- 


ing the ſeed, which, by ſuch breaking, will become uſeleſs. So 


that it is plain there is no poſſibility of taking the young plant out 


of one feed, and uniting it with the farina or uy banc in 
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1 have dad, that ſeeds contain in then not ay the firſt renki- 
ments or origin of the future plant, but alſo a mealy ſubſtance, 
and ſome of them an oil; which mealy ſubſtance is deſigned by 
Nature to nouriſh and ſapport the young plant, until its roots are 


ſo far grown out of the ſhell that they can draw nouriſhment from 
the earth. But, upon examining the ſeeds of the Cotton tree which 


vs fl 
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grows in Perſia and Bengal,“ and which ſeeds are found among 
the cotton brought to us from thence; I was aſtoniſhed to ſee the 
variety of Nature's operation in the formation of this ſeed. For, 
upon opening theſe ſeeds, of which ſeven, eight, or nine are con- 
tained, in one ſhell or huſk with the cotton, I did not ſind any thing 
of a mealy nature or ſubſtance, but the oblong round figure of 
the ſeed is only cauſed by four diſtinct leaves, with wonderful ex- 
actneſs doubly folded together, and as it were embracing and de- 
fending that part from which the ſtem or root will proceed- I 
cauſed. a drawing of this to be made, ſomewhat magnified, in 
order to ſhew. the leaves, with their fibres or veſſels, and alſo. cer- 
tain dark round globules which are to be ſeen on the leaves: theſe 
are ſhewn at fg. 24, DEF G. When I cut theſe globules open 
as exactly as I was able, the pieces cut off exhibited the brighteſt 
graſs- green colour that can be imagined; a particle cut thicker 
was of a darker green; and the globule viewed entire was, of a 
deep green, verging to a black colour. a b c, Are three pins, with 
which the leaves are ſpread open. The ſubſtance of theſe leaves 
was compoſed of exceeding ſmall globules, of a kind of graſs-green 
colour. I enquired of ' ſeveral perſons, who had been in India, 
what was the form and nature of the leaves of the Cotton tree, 
but among all to whom I addreſſed myſelf, I only found one gen- 
tleman and lady, who told me that the leaves of thoſe trees. were 
marked with ſpots. . Here we ſee the wonderful regularity of Na- 
ture's works, namely, that in the ſeed of this tree there is not only 
formed a perfect young plant, but the leaves in that young plant are 
dotted with points or ſpots, in the ſame manner as the leaves 
growing on the tree. In the figure, D E is that part from which 
the ſtem and root will be produced, and, upon ruſting it Open, 1 
found in it a very few grals-green globules: 00 Þ 10 


| ; il; 1800 
* The Cotton tree is now cultivated | in the Weſt Indies, where it forms, a cankderable 
branch of trade. 
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- Theſe W recalled to my mind (tor * compare theſe 
ſeeds with thoſe eggs which I have heretofore taken out of the bo- 


dies of ſome inſects) that in ſome of the eggs ſo extracted, I did 
not find any ſubſtance deſtined to the nouriſhment of an animal, 


but, inſtead of it, perfect and living animals. For in like manner 
as in thoſe eggs, while yet in the parent's body, a perfect young 


one is formed, ſo the Cotton tree produces in its feeds not only the 
leaves of the young plant, even while the ſeeds are yet on the 


tree, but that part in the ſeed from whence the root, and ſtem are 


to be produced, is in this ſeed uncommonly large. 


And in like manner as with regard to the eggs of the inſects, 


I have mentioned, that as ſoon as the young one has broken the 
egg, it immediately comes forth and runs, creeps, or ſwims about ; 
ſo the leaves in this ſeed having received the moiſture requifite for 


their growth, do ſwell and enlarge themfelves until the thin ſkin 


wherein they are incloſed burſts or cracks, and the leaves then 
expanding, that part whence the root and ſtem will proceed grow 
to a ſufficient length to draw its nouriſhment trom the earth. Ina 
word, ſome inſects are perfect i in their eggs before they are voided 
by the parent, and the plant in the ſeed of the Cotton tree is per- 
fect, and requires no nouriſhment to be provided for it way: it 18 
of ſufficient maturity to quit the tree. 

I cut a ſlice tranſverſely from that part whence the root nnd 
ftem derive their origin, and cauſed a drawing of it to be made 
from the microſcope, for no other reaſon than becauſe the internal 


part containing the veſſels, which in others is of a round or oval 
figure, is in this a figure of eight ſides, four of which are ſome- 


what curved, as at fig. 25, ABCD, which was full of pores: the 
part ſurrounding it, which appears at EFGH, was very white, 
and in it I could not difeern any pores. The outward part or 
compartment, IK L M, both in pores and in its white colour was 
fimilar to the internal one, with this difference only, that the pores 
in the inner one were ſomewhat Farger- And though the — 


. 
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this young plant contained in it a -confileenble quantity: of o 
Some other ſeeds I opened, in which the young plant was ſo freſh 
that I thought I could make it vegetate, but 1 have yet-met with 
no Cotton ſeeds which I could by any means cauſe to grow. 

I afterwards ſaw, in a curious gentfeinan” s cabinet in this town, 
ſpecimens of two other Indian ſeeds, in which the leaves and root 
of the future young plant 1 were extraordinary large, but no oil or 
mealy ſubſtance, ſo that we find there are ſome leeds which contain 
only the young future plant or tree. 

If any one is deſirous of ſeeing the young 5 in 5 per- 
fection, as it lies in the mealy ſubſtance of the ſeed, let him ex- 
amine the ſced of the Lime tree * when ripe; for in this ſeed are 


to be ſeen two leaves not flattened nor folded up, but of a perfect 


handſome ſhape, the ſame as a young leaf on the tree ; and through 
the microſcope the veſſels or fibres in the leaves are as plainly to 
be ſeen, as with the naked eye we can ſee them in a full grown 
leaf: the origin or firſt rudiment of the young plant, which in 
this ſeed is extraordinary large, is placed in the contrary direction 


from the parent tree, whereas in other ſeeds it points towards the 
tree: this young plant, before it comes to its full growth in the 


ſeed, is not of a green colour, but when full grown it becomes of 
a bright on green. 


A figure of this is . in Baker's Employment for the Microſcope. 
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ir 18 the 0g 00 opinion. in N country, that Fels a are produced 
without the ordinary proceſs of generation; a notion which I could 
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never conceiye, as I have often declared; and I will f ay, that if 


| this were true, there is no reaſon why Fels ſhould not be Produced 


in ſuch quantities, as in a manner to an all our canalss. 
Nevertheless, this opinion is not only entertained among the 
vulgar, but T have found ſome reſpectable and learned men inclined 
to favour it; and they have gone ſo far with me, as to aſſert, that 
they knew 1 in what manner Eels were e which they i ima- 


gine to be as follows : 4g 


Tf in the month of May, two turfs of graſs be taken and e's on 
each other with the raſſy ſides together, and before ſun- ſet be 
placed in the water, 10 that the graſs of thoſe turfs be even with 
the ſurface of the water, and if the dew fall copiouſly that evening, 
upon taking up the turfs, the following morning, ſeveral minute 
Eels will be found in the graſs, which they ſuppoſe proceed from 
the dew; in confirmation of which they add, that if no dew. has 
fallen, there will be no Eels found. 


But upon examining this matter, we muſt conſider, that i in very 


windy weather no dew falls, and ſmall Eels in cloudy weather, get 


to the bottom of the water; but the warmer and calmer the wea- 


ther, the more is the dew that falls: moreover, theſe minute Fels 


in warm weather, ſwim or creep among the leaves and greens on the 


ſurface of the water, and do moſt probably, at the ſame time, creep 


among the blades of graſs near the ſurface ; and this, I ſuppoſe, has 


given riſe to the notion of their being ersten in this manner. 


In farther reflecting on this ſubject, it occurred to me, that I 
had often in ſummer time, ſeen boys by the ſides of the ditches 


round about this town, with ſmall twigs, which they dipped among 
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the eaves Cerlindiaimater on the ſurface of the water, and, twiſting! te 
_ twigs.round; ſo as to lay hold of thoſe leaves and draw them out of 
the water, they pulled out with them many minute Eels; and 
among choſe, I have ſeen many young Eels of different ſizes, ſome 
of them remarkably minute and ſmaller than we ever obſerve the 
young fry of fiſhes which are produced from eggs; and this con- 
firmed me in my opinion; that Eels : are not. od bred in the ſme 
OF or ſeaſon of the yea. 
In order farther to inveſtigate this; | fubjec, 1, at foveral times, 
| diſleaed ſome large Eels, examining. particularly that part of the 

belly where one expects to find ſome appearance of young, (and I 

am well aſſured, that Eels of every kind, without diſtinction, do 

breed young ones), in the inteſtines of which I found many dif- 
| ferent kinds of animalcules ; and afterwards I examined ſome Eels 
without diſſecting them, by compreſſing the belly near the 
aperture into the inteſtines : from one of theſe. there ifſued a ſmall 
quantity of thick liquor, which being diluted and placed before the 
.microſcope, I plainly faw that it contained animalcules, which in 
ſhape, length, and thickneſs, exactly repreſented Eels, but ſo mi- 
nute, that in my n they were not a fiftieth * the thick- 
neſs of a hair. 
After this, upon cefleQing that Eels might reckebly Wend in the 
Winter time, I directed a fiſherman to bring me ſome every week, 
beginning in the month of February. 

The firſt of theſe I diſſected, and upon examining ther parts where 
I ſuppoſed the young would be depoſited, I found nothing but ſome 
very minute globules, ſomewhat leſs than the globules of blood, 
and of theſe ſome were of an oblong ſhape : proceeding in my 
obſervations, I found theſe kind of globules more and more ex- 
tended in length, till I ſaw them of the perfect ſhape of Eels, and 
at laſt I extracted a great number of minute Eels, lying together in 
a tranſparent liquid, which, through the microſcope, appeared as 
perfectly formed as minute Eels viewed with the naked eye. 
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Ibis pectacle gave me great partly becauſt, aſtermaideig 
be Muck pilins, I had no diſborered the manner of the propaga - 
tion of Eels; and partly, becauſe this was a vomplete anſwer to 

= thoſe who ſaid behind my back, Since Mr. Leebwenhock is en- 
= deavouring to eftabliſh the regular generation of all animals, let 
| - him thew us in what manner Eels are bred.” 
= be fight of theſe minute and perfect, though: x N Eels 
. * were, as I have before ſaid, not à fiftieth part the ſize of an 
hair, I exhibited to ſeveral of my acquaintance, who wondered t to 
ſee ſuch minute creatures ſo completely formed. 
I purſued my obſervations on this ſubje& till the months of Fel 
guſt and October, till I could barely ſee theſe minute Eels with the 3 
naked eye, and I judged that they rer at t that time be e . | 
forth into life by the parent. 3 
It is by ſome aſſerted, that from the ſkins of Fels thrown into 1 
the water ſmall Eels will be produced. This may perhaps be true, 3 
3 though not, as they! imagine, from the corruption or putrefaction of I 
thoſe ſkins, but in the following manner. Let us ſuppoſe: 
among a ſcore or more Eels which have been ſkinned, one of them 
may have ſome minute young ones in its belly, which, by the pret- 
ſure in the operation of ſkinning, might be ſqueezed out and remain 
adhering to the ſkin; thoſe minute Eels, when thrown into the 
water with the 1kin, may there find food and grow to their full fize; 
and by this means, if Eel-ſkins are thrown into a newly made 
canal, Eels "_P n be bred therein. 
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On the multitude of eyes or optical organs in the eye of a Beetle. 
The optic nerves of each of the optical organs in the eye of a 
large Fly, particularly deſcribed : alſo the brain of a Gnat ; and 


the nature and probable uſe of the hairs on the feet of Fhes 
and Crab fiſh. 


In AVE formerly made mention of the great number of optical 
organs, or eyes, with which ſmall flying animals, such as the 

_ dragon-fly,* or libella, the common fly, and others, are furniſhed ; 
and I have often ſhewn thoſe eyes to ſome curious gentlemen, 
when they came to viſit me, to their great delight, particularly 
when they found that objects might, with the greateſt clearneſs, be 
diſcerned through each of thoſe optical — to the number 
of ſeveral hundreds at a time. 

Among other inſtances, I, upon a certain occaſion, exhibited 
to ſeveral Engliſh gentlemen of rank, the great number of optical 
organs which are found on the tunica cornea, or horny part of 
a Beetle's eye; at which ſight thoſe gentlemen were aſtoniſhed, 
and the rather, as it is a kind of proverbial expreflion in England, 
when they would reproach any perſon with blindneſs or ſtupidity, 


to ſay, © He is as blind as a Beetle,” under a notion that that animal 
is void of fight. 


1 With regard to this creature, I began by ſeparating from 

"=p the head that part which is commonly called its eye, and, having 
: | cleared away the blood veſſels, and other matter adhering to it, 
A I placed it before the microſcope, and then I ſaw that the protuber- 

2 ance, or riſing of this eye, was not a perfect hemiſphere, being 
85 rather more extended in length than in breadth. 


* This creature is vulgarly called, particularly by children, an horſe- ſtinger; but very 
erroneouſly, for it has not a ſting, nor any weapon of offence, that is discoverable by us. 
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I alſo made a computation, as accurately as I was able, of the 


number of optical organs which were to be ſeen, in a row, in 
the largeſt ſegment, or longeſt ſide of the eye, and I found the 
number amount to ſixty; and if we ſuppoſe that, in the ſmalleſt 
ſegment, or narroweſt part of a Beetle's eye, there are forty ſuch 
optical organs in a row, theſe ſixty and forty, added together, make 
one hundred ; the half of which, being fifty, is what we muſt take to 
be the number of eyes in the hemiſphere which compoſes a Beetle's 
eye, if we conſider ſuch eye to be of a ſpherical ſhape. | 


Now, if we ſuppoſe that the two eyes of a Beetle do, er : 
make up a perfect ſphere, and that in a great circle“ on ſuch ſphere, 
one hundred optical organs are placed, we ſhall find, according 


to this. rule laid down by Metius, As 22 is to 7, ſo is the 
« quadrature of the great circle to the contents of the ſuperſicies, 
and the rule being applied as follows : 


122 10000 100 the great circle. 
7 100 
22) 70000 (3181 10000 Quadrature. 
40 
180 
40 
18 


the reſult is, that if each eye in a Beetle's head is taken as an hemi- 
ſphere, the two will make up a ſphere containing, on its ſurface, 
3181 optical organs or eyes. | 

[ have cauſed a drawing to be made of the eye, or rather of the 


* It has been mentioned in another place, but is here repeated to ſave the trouble of 
turning back, that by the great circle is meant, the largeſt which can be drawn upon a globe, 
or ſphere, or, in other words, a circle, whoſe diameter is a line paſſing through the centre of 
ſuch ſphere to the ſurface. 
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multitude of optical organs compoſing the eye of the Beetle, as for 
as the limner was able to diſcover their ſtructure by the help of the 
microſcope, with intent, partly to exhibit the great number of thoſe 
optical organs, and partly to ſhew that each of theſe organs is 
of a convex ſhape; not that I would be underſtood to mean, 
that every one of theſe optical organs is a portion of a ſphere;* for, 

if ſo, the Beetle would not be able to diſcern objects at any diſtance, 
but that each of them is more flattened than ſpherical. 

Upon exhibiting this object to the limner, he compared theſe 
convexities, or protuberances, to thoſe reund buttons which are 
at preſent uſed in men's clothes, and made of that metal commonly 
called Prince's metal. 

Plate XIV. fg. 1, ABCDEF, repreſents a ban of the tunica 
cornea, or horny part of the Beetle's eye. AB C denote that part 
which was contiguous to the head. DEF A repreſent the greateſt 

part of the longeſt row of eyes on the ſuperficies of the tunica cornea ; 
in which, from DEF to A, I counted more than fixty optical 
organs; and, between the ſame letters, may be ſeen how each of 
theſe optical organs riſes with a kind of protuberance. 

It is well known, that when any object is placed before the 
microſcope, it muſt be ſo adjuſted that it may neither be too far re- 
moved from, nor brought too near to the focus of the glaſs, for, in 
either of thoſe caſes, the object cannot be ſeen diſtinctly. For the 
ſame reaſon, if any perſon is deſirous to contemplate objects through 
thoſe optical organs which are in the tunica cornea of the Beetle, he 
will find it neceſſary to allow a ſomewhat greater diſtance between 
the tunica. cornea and the focus of the magnifier, ſo that the focus of 
each may (if I am allowed the expreſſion), become united in 
one point, as we do when two convex lenſes are placed one 
before the other in a frame: and, by this means, he will ſee 
the object multiplied ſeveral hundred times, by reaſon of the great 


I addreſs myſelf here to thoſe who have ſome knowledge in optics. 
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46 
number of optical organs in the tunica cornea, but all wonderfully 
minute; for the ſteeple of the new church in our town, the ſize of 
which, and its diſtance from my houſe, I have mentioned elſewhere,* 


when viewed through theſe optical organs, appeared no larger than 
the point of a very ſmall needle. 


Hence, it appears, how greatly thoſe perſons are miſtaken who 


ſay, that a Beetle is blind; and how much perfection is to be found 


in the organs of ſight of ſo ſmall and ſo deſpiſed an animal, to ſay 
nothing of the other parts of its body; but which creature, whoever 


ſees, immediately cruſhes with his foot, as n the ſight of that 


black creeping thing. 


In the month of Auguſt I ſaw, ſitting on a glaſs, at the backſide 
of my houſe, a Fly almoſt as large as a bee, which ſpecies of Fly, 


though not very numerous, I obſerve every year in the ſame place. 


I diſſected the tunica cornea of both eyes of this Fly, and, on ex- 
amination, I found them to be coyered with a great number of 
wonderfully minute hairs, which did not cover the organs of fight, 
but were placed in the intermediate ſpaces between them. 

Moreover, I took out of the infide of the tunica cornea, that 
matter or ſubſtance with which it was filled, in order to examine it 


by the microſcope, becauſe, till that time, I never could clearly 
ſatisfy myſelf to what end this ſubſtance was created, and the 


rather ſo, as, upon viewing it, I judged that it conſiſted of a collec- 
tion of threads or fibres. Upon ſpreading this a little aſunder, to. ex- 
amine it more accurately than I had before done, I ſaw that 
all thoſe particles which I had before conſidered as a collection 
of threads or fibres, were nearly of the ſame length, but one of the 
ends of each ſomewhat thicker than the other, and the thicker end 


rounding at the extremity. 


Upon repeatedly, and more carefully, examining this ſpectacle, I 


was, to a certainty, aſſured that every one of that great quantity of p 


* See vol. I. Eſſay on the Silk-worm, page 62. 
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particles like threads which prefented themſelves to my fight, were 
no other than optic nerves; and that the larger and rounding 'ex- 
tremity of each of theſe nerves was deſtined to occupy the ſmall 


cavity of each optical organ on the inſide of the tunica cornea ; ſo 


that in a word, I may venture to pronounce, that every optical 
organ ſeen in the tunica cornea is provided with its particular 
optic nerve. | 

As to the other extremities of the optic nerves, which, being ſitu- 


ated towards the inner part of the head, are ſmaller in ſize: this 


muſt, I think, neceſſarily be the caſe, partly becauſe the tunica 


cornea dilates itſelf in a ſpherical form, whence it neceſſarily fol- 


lows, that the optic nerves as they tend towards the internal part, 
muſt by degrees grow ſmaller, and partly becauſe the place where 
they terminate muſt be ſmaller than the ſpace within the tunica 
cornea. And who knows, whether that part in which the optic 
nerves ſo terminate, may not be the brain itſelf, not yet diſcovered ? 

In order the better to ſatisfy the curioſity of others on this ſubject, 
I placed ſome of the optic nerves of this fly upon a glaſs, before the 
microſcope, which I delivered to the limner, in order that he n 
make as accurate a drawing of them as he was able. 

Fig. 2, G H ſhews two of theſe optic nerves, the part H was placed 
near to, or rather within the cavity of the optical organ; the other 
end G, towards the internal part of the fly's head. 

In fig. 3, at I K L are ſeven of thoſe optic nerves, the . ends 
of which were alſo placed next the tunica cornea. | 

Fig. 4, MNOPQ, ſhews a great number of optic nerves 
heaped together, the upper ends of which, as ſeen at the letters N O 
P, were placed next the tunica cornea, When theſe nerves are 
ſeen in ſuch heaps as here pictured, their true length cannot be diſ- 
tinguiſhed, but when lying together in a ſmall number, and a mo- 
derate ſized parcel, the light may eaſily be ſeen through them, 
they being ſomewhat tranſparent. All this is ſhewn in the figure. 

I have in the courſe of my obſervations diſcoyered, that all the 
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minuteſt particles in the fibres of fiſhes, when at reſt in their ann 
ſtate, are, as it were, contracted in various annular folds or wrinkles; 
but when put in motion or extended for any purpoſe, then all thoſe 
wrinkles and annular foldings are pee or ſmoothed, and the 
fibre becomes longer. 

The ſame kind of annular wrinkles I alſo diſcubered | in the optic 
nerves of the fly now under conſideration ; whence we may conclude, 
that every one of theſe optic nerves is endued with the power of 
alternate extenſion and contraction equally with the optic nerves in 


a human eye. For it muſt needs be, that when we move our eyes 


from one fide to the other, their optic nerves will be more extended 
than when we look ftraight forwards. 

Having made this obſervation, I aſked the limner whether he 
could follow with his eye thoſe circular marks or lines in the optic 
nerves, and, upon his anſwering, that he could very plainly ſee them, 
I defired him to imitate them as nearly as he was able 1 in his draw- 
ings, and this is to be ſeen in fig. 2, and 3. 

Now if -this fly had been dead ſometime before I had diſſected 
the eye, and taken out the optic nerves, I am very ſure, that in 
that caſe, I thould not have diſcerned any of thoſe wrinkles 
or contractions. In like manner we daily obſerve in fiſhes, that after 
they have been dead ſometime, their fleſhy parts, if cut aſunder, 
do not become ſhorter, which our people call krimpen*, and con- 
ſequently thoſe parts of the fiſh are neither ſo firm, nor ſo grateful 
to the palate, as when they are cut aſunder while the fiſh is alive. 

Upon diſcovery of ſo many wonders, and of ſuch perfection in 


the eye of a fly, we are again compelled to cry out; How little do 
We know? And if this is ſeen in the eye of ſo large a fly, it muſt 


* Krimpen in Dutch ſignifies to contra or gather up in folds, whence the phraſe to crimp 
fiſh is plainly derived; which eruel practice ſeems alſo'to have been imported from Holland. 
And it must be confeſſed, that with all Mr. Leeuwenhoek's abilities as a philoſopher, he seems 

not to have had much ſenſibility of compaſſion for the creatures which he ſubjected to his 
examination. | 
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be underſtood, that the ſame obtains in the ſmalleſt, and which ! 
have ſeen in the diſſection of common flies. 

At the time the limner was making theſe downibgs; J took a 
ſmall Gnat of that ſort which is not troubleſome to us, having no 
ſting : the head of this Gnat I cut off, in order to extract its optic - 
nerves, but I could not, after ſeveral trials, ſee them diſtinctly. 
While I was busied in this attempt, I frequently ſaw the brain in 
the Gnat's head ſurrounded with a great many veſſels, which I 
judged to be blood veſſels: and though it ſhould ſeem ſcarcely poſ- 
fible to extract the brain from this creature's head, without deſtroying 
the texture of the brain and its veſſels, yet, I at length ſucceeded to 
my wiſh, and, without their being much injured, placed the whole 
before the microſcope ; this I delivered to the limner, that he might 
make a drawing of it, and the rather, as I had been told by a gentle- 
man of eminence, that a certain perſon, whenever my diſcoveries 
were the ſubje&t of converſation, was accuſtomed to ſay, that the 
experiments stated by me could not poſſibly be performed; becauſe _ 
(as that ſame perſon pretended), the inſtruments uſed by me, how- 
ever exquiſitely conſtructed, could not be at all capable of perform- 
ing the: diſſections I deſcribed. But I little regard theſe malevolent 
inſinuations of mankind, and perhaps this very perſon is one of thoſe 
who would be glad, if he was able to perform the like operations. 

Fig. 5, RS T, repreſents the brain taken out of the head of this 
Gnat, and alſo the veffels, which in part ſurround it, and in part 
pervade the ſubſtance of it, as nearly as the limner could follow 
them in his drawing; for while he was employed about it, he fre- 
quently declared that he could by no means repreſent in the draw- 
ing all the veſſels which he ſaw. 

The flies before mentioned, have the extremities of their feet e cover- 
ed with an incredible number of hairy parts, by the help of which 
they are better able than other flies to climb up a glaſs though it be 
ever ſo free from impurities or irregularities, of which they might 
take hold. I have therefore often placed the feet of thoſe flies before 


( 72 ) 
the microſcope, in order to view the means by which they can faſten 


themſelves to the glaſs and run up it; and I have, for ſome years paſt, 
thought that I could diſcover that theſe hairs, were each of them 


provided with crooked parts like hooks, by the' help of which they 
can take the firmer hold on glaſs, but which parts have never, to my 


knowledge, been deſcribed by any perſon, though the figures of thoſe 
hairs may be ſeen in many authors. 


In further proſecution of this enquiry, and revolving the ſubject 


in my mind, a thought occurred to me reſpeRing thoſe large crabs, 
which are ſometimes brought to this town for ſale, and are, as I am 


informed, caught among the rocks in Norway ; but not that I would 


at all compare theſe crabs to flies, or that kind of animalcule, other- 


wiſe than by analogy, for the feet of thoſe crabs are covered with 
many —1 4 J ther hore determined to inſpe& them, and examine 
the hairs, particularly thoſe on the hind feet; for thoſe feet are not 
furniſhed with claws, or other weapons, to graſp. hold of any thing 
like the fore feet, but only wn one ſtraight claw, and with many 
ſhort hairs. | 

Upon placing these hairs before the microſcope, I ſaw, not with- 
out admiration, that many of them were provided with a double 


row of parts like teeth, placed in very exact order beſide each other, in 


like manner as if we were to imagine the back of a knife cut into 
a double row of teeth or notches. . I have cauſed a drawing to be 
made of one of theſe hairs, in order to ſhew its wonderful formation, 
which I am perſuaded is intended for this purpoſe, that when the 
crab is climbing up the rocks, he may be enabled by this aſſiſtance 
to fix his feet firmly on the rocks or ſtones. 

Fig. 6, MNOPAQR, repreſents this hair, in which thoſe tooth- 
like parts are very plainly to be ſeen, but only one ſide of the hair 
is here viſible, and theſe teeth in the middle of the hair are longer, 
as from Q to P, and from P to R they grow gradually ſhorter. 

Fig. 7, ST, repreſents a part only of the hair, but in ſuch a 
poſition that the two rows of teeth in it are conſpicuous, 


. 


( i | | 

pon this ſubjoct of crabs, although I have ſufficiently exhibited 
60 the learned world, the circulation of the blood in various animals, 
and have demonſtrated that it is uniformly and regularly performed 
after the ſame manner in all, yet, as I have met with perſons wha 
did not heſitate to deny this to be the fact, I will here relate my ob- 
ſervations on two ſmall live crabs, about an inch in diameter; and, 


judging that the extremities of their two ſmalleſt, or hind feet, 


which were very broad and thin, would be proper ohjects to 
diſcover the circulation, I placed one of them before the micro- 
ſcope, and immediately ſaw an incredible number of particles 
of blood, which appeared to be globules ; theſe, though not red, 
were of a darker colour than the liquor they floated in, and they 
were running along a blood veſſel which might be called a vein, 
with ſuch ſwiftneſs, and ſo great was the number of particles, that 
it could not eaſily be conceived but by an eye-witneſs. In fact, I 
cannot compare the appearance of theſe round particles of blood to 
any thing better than by ſuppoſing we were to look through a large 
opening, or a window, at a fall of ſnow, violently agitated by the 
wind; nor do I remember that I ever ſaw the blood driven through 
the veſſels with ſuch ſwiftneſs. It was alſo: a moſt delightful object to 
veſſels in which the aden was driven f wt with equal Gwiſtneſs. 
h Upon changing the point, or place of view, I there ſaw the 
blood in equal agitation, and in no leſs a number of veſſels. os 
Moreover, I happened to ſee à veſſel in which the blood. could 
not proceed in its regular courſe, but yet was in continual motion 
to and fro, and all within a ſpace not larger than the thickneſs of an 
hair; whence I concluded, that, in the ſmalleſt branches, Where 
this veſſel aroſe, and in which the circulation was completed, the 
blood was ſtagnated, and thence its regular courſe in this veſſel 
impeded. 
he pleaſure I derived from this ſpectacle was, fo + in my 
mind, that I was induced to a farther examination of the ſubject, and 
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2 beſtow ſtill more attention on it, by examining the kind: feet of 
many ſmall-live crabs.” In one of theſe ' ſaw, by the microſcope; 
not only a large artery, about the ſize of an hair, which, before it 


eame to the extremity of the foot, divided itſelf into ſeveral ſmall 


branches; but I alſo ſaw a great number, both of arteries and 
veins, croſſing each other; and, on turning my eye a little towards the 


ſides of the foot, I there ſaw the blood poured into ſo many minute 
veſſels, that the ſubſtance which we ſhould call the fleſhy part of 


the animal, lying between the ſkin or ſhell: of the foot, ſeemed 
to conſiſt of nothing but blood veſſels; ſo that when I ſhewed this 
circulation of the blood to a certain learned plepſician; my —_— , 


exclaimed, O how wonderful is this!“ 
The pleaſure which this object afforded. me was: the greater; 
belauſe the globules of blood, driven through all the veflels, being 


fewer in number, were much wider aſunder than the globules 


n the blood of terreſtrial or aquatic animals which are of a red 
colour; ſo that, I am well affured, the globules in red blood 
are twenty-five times more in number than thoſe, 1 in the ſame ſpace, 


in the blood of a crab. LU LIED. 2 | 


After I had ſeveral times repeated my ee on theſe 


minute crabs, and my ſight was in a manner wearied with the 
ſpectacle, however pleaſing, I had a mind to ſee the blood when 
drawn out of the veſſels, and the rather becauſe the ſerum or fluid 


in which the globules were ſwimming, was ſo very tranſparent, 
that it would be impoſſible to diſcern the circulation b the 
aſſiſtance of thoſe globules. 

The artery in this crab's foot was too ſmall to be opened in the 
ordinary way; J therefore determined to cut off a ſmall part at the 
extremity of the hind foot with a pair of ſciſſars, and then to col- 
lect the blood as it firſt iflued forth, and place it before the micro- 
ſcope. This being done, I ſaw in the ſmall portion of blood 

which iſſued from the artery, the globules of blood for ſome time 
continue their circular motion, 
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| Moreover, I examined the artery which I had. thus cut aſunder, 
in that part of it which was near to the animal's body, and where 
it was alſo divided into many ſmaller branches, in order to ſee 
whether the circulation was there continued, and with great pleaſure 
I faw, that the courſe of the blood was not interrupted, any it pro- 
ceeded with a ſomewhat ſlower motion. 
Hence I plainly perceived, that when any part of a Hah. 15 cut 
off, the circulation of the blood will continue in the veſſels that are 

not wounded, - eſpecially if the effuſion of blood from the veſſels 
which are cut aſunder can be ſtopped. And we may alſo, from this 
experiment, be well aſſured, that there is no artery, which is not 
throughout the whole of its courſe divided into ſmaller branches, 
whereby it by degrees becomes ſmaller, until the very ſmalleſt 
ramifications return back towards the heart, and conſtitute what 
we call veins. _ it 4 | 

A portion of the blood * * this eb s foot I in py 
the microſcope, to diſcover, as far as I was able, of how many 
parts each globule of blood was compoſed ; and J concluded that 
each globule was compoſed of fix diſtinct globules, as in the human 
blood: moreover, I ſaw that the globules of crab's blood, when 
brought into contact, coagulated in the ſame manner as the blood 
in an human body, though, till this-time, I had been of opinion that 
the blood of fiſhes would not be diſpoſed to coagulate, becauſe we 
do not obſerve any heat in it. 

I expoſed a portion of the thinneſt part of this blood to 3 

in the open air, in order to ſee whether, in that thin part called the 

ſerum, I ſhould diſcover any particles; and, in doing this, I ſaw fo 
many particles, which, to my eye, appeared ſpherical, that the whole 
ſubſtance ſeemed compoſed of them and no other, and, upon ſtir- 
ring the ſubſtance with the point of a needle, thoſe particles came still 
more diſtinctly into view. e 

Moreover, I diſcovered a great number of ſaline particles, which, 
upon the leaſt * of heat, coagulated in irregular parts. 


(76 ) 


But in feviital places I ifaw a great number of Anne particles lying 
near together, of a more regular Hape, and having fix ſides: but, 
With all the attention I could beſtow; I did not diſcover a linge par- 
ticle in crab's blood reſembling the figure of our common ſalt; ſo 
that it is plain, to me, that the ſea falt does r not enter into the * 
ſtance of the bodies of fiſhes. ' © 
I have cauſed a drawing to be ade _ this 9 5 in ances to 
ſhew the ſpecies wherein I ſaw the circulation performed in ſo 
many veſſels, and which is well worthy the attention of the curious: 

Fig. 7, ABCDEF, repreſents'this'crab, and at AB and E F 
are ſhewn' the two external joints of each hind foot, in which 
1 have faid the circulation can be _ in * Et a number of 
ſmall veſſels. 

1 then examined the date which 4 to the naked eye em nn 
and with which hairs the joints AB and EF are covered, in order 
if poſſible to diſcover the circulation there; but the veſſels compo- 
ſing theſe hairy parts were ſo minute and ſlender, that not a ſingle 
globule of blood could paſs through them, and conſequently it was 
impoſſible yy me to fee the circulation m thoſe Rn 
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of certain Rus bred on Hhe' leaves of's the Wi tow, the which 
; produce the knobs or NT r frequently Joe on er leaves. 


54 HERE is a e is Willow * this country, the * 1 of dich 
are of a deeper green, and of a larger ſize than others of that tree; 
theſe: Willows are for the moſt part planted for the ſake of their 
young ſhoots, which are uſed in huſbandry, and gardening for bind- 
ing hedges, fences, and branches of trees together, by reaſon that 
they are very flexible, and at the ſame time very tough; they are 
therefore called by us Zeem-teenen, which may be expreſſed in 
Engliſh, by the words leathery twigs. . 
Upon the leaves of theſe Willows, I have a obſerved certain 
| knobs or riſings, and having gathered ſome. of thoſe leaves, and 
opened the knobs, I at ſeyeral times found that they contained 
more than one kind of worm or maggot; but none of thoſe I at 
_ firſt ſaw, appearing to be full grown, I opened ſome others of the 
knobs very gently, and, where I ſaw a maggot incloſed, I topped 
up the opening I had made, and put the leaf into a glaſs tube, 
that the animal. incloſed might there perfect its growth, and 
undergo its change of ftate: this however I did not ſee any of 
them arrive at, though at the ſame time, I had obſerved many of the 
knobs vacant, and with a ſmall hole in them, through which the 
maggot had iſſued, leaving the day within, Partly: Bled with the 
excrements it had voided. 

Plate XIV. fig. 8, ABCDE, repreſents one of theſe Willow 
leaves, on which are ſeven of the knobs or excreſcences I have men- 
tioned : in ſome of theſe a hole is to be ſeen, as ſhewn at the letters 


1 


FGH; at the letter K appears a Koch, wherein, upon opening it I 
found a maggot. 

I alfo obſerved many dead maggots Win among the knobs, and 
upon ſearching after the cauſe of this appearance, I found at length | 

a ſmall maggot ſticking cloſe to one of a larger ſize, which 
— maggot ſeemed to have no power of moving itſelf from 
place to place, each extremity of its body, particularly the hind 
part, terminating in a kind of point. This maggot, with its mouth, 
had pierced into, and was fixed on the body of the larger one; and 
from this and many other instances which I ſaw of the like kind, it 
appeared to me, that this ſmall maggot was ſupported by preying up- 
on the larger one; and hence I conſidered that were it not for food 
drawn from thoſe or the like kind of maggots, theſe ſmaller ones 
would be deſtitute of ſubſiſtence; for they are not provided with 
any limbs or organs by W they can faſten ada to. the 
leaves of trees. 

But how theſe laſt W maggots could find Wag way into 
the internal parts of the knobs or excreſcences was ſtrange, and to 
me entirely undiſcoverable, otherwiſe than by conjecture. I ſup- 
poſe, firſt, that the larger maggot was produced from an egg laid by 
ſome fly on the leaf of the Willow, and upon its biting or gnawing 
the veſſels in the leaf, a liquid ſubſtance iſſued forth, ſurround- 
ing the maggot on all ſides, and in hardening formed the knob or 
excreſcence we obſerve on the leaf: ſometime afterwards another, 
and a ſmaller fly might place itſelf on the knob, and by means of 
ſome weapon or piercer, bore a hole in the knob and lay therein 
an egg, from which egg, the ſmaller maggot might be produced. 

About the middle of July I repeated my obſervations on theſe 
maggots, and found many of them almoſt arrived to their full growth: 
and ſome actually changed into aurelias or ne ik allo. found 
* The 1 * ken the liberty to expreſs the ha number of * word eryfalis by 


this termination, inſtead of adding: ne s to it, with an apoſt ophe between the r as 
is ſometimes done. 114. | Te 


( *9 ) 


ſome of thoſe minute voracious maggots, (voracious 1 may juſtly 
call them, ſince they prey upon a maggot not leſs than fifty times 
their ſize), which I judged were ſo far grown, that without taking 
| oy more food, they would ſoon be changed into flying animals. 

I had, at firſt, no doubt that theſe aurelias or cryſales were of the 
me nature as thoſe of common flies, namely, that when the maggot 
is about to be changed into a cryſalis, its ſkin contracts, and by ſuch 
contraction becomes more firm and ſolid, and ſerves the animal for 
a ſhell or caſe during the progreſs to its change, and then we call it 
an aurelia or cryſalis, though it be not wrapped in ſuch a web or 
ſpun caſe, as we obſerve many other flying inſects to be; but upon 
opening theſe cryſales or aurelias, I found the maggot within them 
in its original ſhape, although it had lain in the aurelia ſtate a fort- 
night. And, upon viewing theſe things by the microſcope, I found 
F had been miſtaken in my former opinion, for the ſhell or caſe 
which J have called a cryſalis, was neither compoſed of a web nor 
of the ſkin of the maggot itſelf, but I was obliged to conclude, that it 
was formed by a concreted ſubſtance iffaing from the leaf of the tree, 
for it had the appearance of fibrous or branched parts, from which 
there iſſued ſmaller ramifications. And I did not find a cryſalis in 
any of the knobs'T opened, excepting in thoſe which I had kept in 
glaſſes: one of theſe cryſales, as it lay in the knob, is ſhewn at L. 
After ſome weeks I obſerved, that from theſe cryſales certain 
blackiſh flies were produced, which at their tails had ſome oblong 
parts formed in the nature of ſtings, and another ſort of flies, rather 
of a ſmaller ſize, but without any ſuch appearance of ſtings. 
Ng. 9, repreſents one of theſe flies the ſame fize it appeared to 
the naked eye, and at the letters CD is ſhewn that part which had 
the appearance of a ſting, and was two thirds as long as the ani- 
mal's body. But, upon placing this before the microſcope, it did not 
at all appear like a ſting, for it was covered with a great number 
of ſmall hairs, as ſhewn in fig. 10 at the letters AB, and no aperture 
was to be diſcovered in it. Whereupon I began to conſider that 
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perhaps this was only the caſe of the real Ring, and, 4 upon opening 


given a dra tving in ig. II, E.. oxi 

When I had attentively viewed this for. a nat Fong 1 
thought it ſeemed to contain another ſting within it; I, therefore, 
endeavoured to open it, wherein I ſucceeded to my wiſh, and out 
of it, at the place marked E F, in fig. 11, I took two ſtings, both of 
the ſame make; a ſmall piece of one of RAW: is ſhown, at Ag. 12, 
GH: each of theſe was jagged like a faw. 1 

Hence it appeared, that thoſe indentings or teeth, ee 5s in 


a 11, at EF, did not properly belong to that part, but to the ſtings 


encloſed in it; and, when thoſe ſtings were taken out, it appeared 
neceflary to conclude, | that the part which I had taken for the real 
ſting was, in fact, only a ſecond caſe for the two inner ones: in this 


ſecond ſheath, or caſe, as drawn in fig. 13, is ſhewn at I K, the 


cavity wherein the two ſtings lay; and farther, in g. 12, another 
cavity is to be ſeen: all which things, put together, give reaſon to 
conjecture that, in each of theſe cavities, there en be con- 
tained ſome acrid juice of a poiſonous nature 

From the foregoing obſervations, We may endily conceive, that 
theſe minute flies do not merely lay their eggs upon the ſurface of 


the leaves, but that, with their ſtings, they perforate the membranes 


of the leaf, and depoſite an egg in the cavity; the maggot iffuing 
from which, in biting the veſſels, cauſes the juices of the leaf 
to iſſue forth, which form around it thoſe knobs, or made I 
I have deſcribed. | 


T'obſerved, among the dead ae in theſe "Rr - 50 white 


long particles, but ſo very minute as to eſcape the view of 
the naked eye; theſe I concluded to be eggs, for there was, in 


no part of them, any reſemblance of a maggot, and, the next day, 


two maggots iſſued from them, exactly of the ſame make with thoſe 


which I have ſaid preyed on the larger maggots. . 
After this I took one of thoſe voracious maggots from the bads 


4.463. 
of a dead one, on which it had been feeding, and placed it it on a 
liyi ng, maggot, into which it immediately plunged its mouth, and, 
notwithſtanding all the efforts the other made, by extending, con- 
tracting, and twiſting its body, to ſhake it off, it ſtill remained fixed 
to it. One of theſe yoracious maggots, when fully grown, appeared 
no larger, to the naked eye, than is ſhewn at fig. 14. 

I cauſed a drawing to be made, from the microſcope, of one of 
the maggots I have been deſcribing, when changed into an aurelia 
or cryſalis. Fig. 15, ABCDEF, repreſents this cryſalis, which, 
in the evening was a maggot, and, the next morning, was changed 
to the figure here repreſented, and, in its change, had put off 
an exceeding thin pellicle ;; and in like manner as the body of it, 
when a maggot, was compoſed of many parts like rings, ſo, when 
a cryſalis, it retained the ſame annular or inſected form. In this 


creature, not only the feet, but every ſin gle Joint in them, might 
plainly be ſeen. 


At the letters G C and D G, are ſhewn the two: Horns, and though 
theſe were incloſed in the ſame thin membrane with the body, yet 
every joint in them could very plainly be een, and they were apr. d 
formed, and distinct from the body. 

This maggot before, and for ſome time after, its changer v was of a 
perfect white, but, after ſome days, the eyes, which may be ſeen at 
B and E, and each of them containing many optical 9 assumed 
a dark. colour, inclining to a blue. 

I had many of theſe maggots, and I watched them very narrowly, 
to diſcover in what manner their transformation from a maggot to 
a cryſalis was performed ; but the change, when it took place, was 
made in ſo thort a time that I never could get a fight —_— 
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4 | dyeriptin of pas, Nelles of minute een fend + in 
en in a Letter to MEN Anthonio "Maghiabechi,* at Florence. 
To the Muttions, learned, and famous Signor Anthonio | 


THz x very obliging letter with hind you hang We" me, „(0 
which were added what has lately been publiſhed in Italy by the 


| learned, containing the curious invention of incloſing gunpowder in 


a bag, and computing the force which ſuch bag would reſiſt before 
it burſt) is come to my hands; and I beg you to be aſſured that * 
was moſt acceptable to me: and for the favour of your letter, as 
well as the communication therein contained, 1 del to return you.. 
my grateful thanks. 1c 


In reliance on your accuſtomed friendſhip, T _ x v9 indeed, | 


to impart to you my obſervations and reflections reſpecting ſome 5 


very minute animalcules, Aiden very little noticed, which are found 
in the waters of this country. 66 5 Tet 

Being employed 1 in cis 6h. certain . ch. L | 
expected to find in thoſe ditches or canals which divide our fields, 
I ſaw various ſpecies of creatures, but none of thoſe which I Was 


then in ſearch of. Among theſe I obſerved certain animalcules, 


within whoſe bodies I ſaw ſo quick a motion as to exceed belief; 
they were about the ſize of a large grain of ſand, and their bodies 


being tranſparent, that - internal motion could plainly be ſeen... 


Among other things, I ſaw in the body of one of theſe animalcules . 
a bright and round corpuſcle, placed near the head, and in which a. 


very wonderful ſwift motion was to be ſeen, conſiſting of an alter- - 


nate extenſion and contraction. This particle I concluded to be the 


* Magliabechi was at this time Librarian to the Grand Duke of Tuscany : he was not lefs-.. 


famous for his learning than his peculiarities, of .which ſeveral anecdotes are related in he. 
Adventurer. | | 
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heart, and that the rapid motion of the parts round about it, which 
J obſerved in this animalcule, and the motion cn I had ſeen 1 in 
the others, proceeded from the action of the heart | 

Upon obſerving in one of theſe. animalcules ik va or nine greeniſh 
ee J began to think that thoſe were unborn young ones; to 
aſcertain which I put one of the animalcules into a little water, be- 
ing the quantity of five or ſix drops, that I might thereby ſee the 
young when newly iffued from the parent and ſwimming in the wa- 
ter: but the next day, finding the animal dead, I opened its body 
While lying in the water, and then I not only very plainly ſaw moſt 
of the unborn young ones, but I could alſo diſcern the organs or 
limbs provided for their uſe in ſwimming. ? 

This animalcule was of ſuch a pretty ſhape, that T often viewed 
it with great admiration: indeed, I was ſo much pleaſed with its 
formation, that I thought larger animals viewed with the naked eye 
would, in compariſon with this, appear rudely made.“ The death 
of this creature ſeemed to me to be cauſed by want of food, becauſe 
I had ſeen it frequently void its excrements, whence I concluded 
that it required a large ſupply of nutriment in proportion to its ſize, 

After this I diſcovered another ſpecies of animalcule, almoſt of 
the ſame ſize with the former ones, but of entirely different make, 
This animalcule had a long forked tail, and each of the forked parts 
again divided into. four' Bares which laſt. parts were provided with 
various organs. 

But obſerving one of thely animalcules, (though of the "xi per 
cies), to appear as if the hind part of its body was formed in a very 
different manner, I put two of them into a ſmall portion of water, 
in e to ame them by a microſcope of greater magnifying 


* "This i the ae. it t ſeems ſtrango that Mr. Lack has not given a 3 of this 
animalcule : from the account here given of it, and particularly the motion of its heart, it 
Mould feem to be of the ſpecies called pulex aquaticus, or water flea, of which a figure, as 
ſeen through the microſcope, with a defcription of the creature, will be found in Baker's 
Employment for the Microfcope, 
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power. Bye help: of this, I perceived that "thoſe parts near the 
tail, and which appeared like two bunches of grapes, were in fact, 
the animal's eggs, ſo placed together, that there were about three 
or four eggs in breadth, and nine or ten in length, joined to each. 


other, but of a round ſhape, at each extremity, Ad. the e N 


| bearing the appearance of a bunch of grapes.. * 

The eggs which adhered to the tail of theſe two ebütuleules, ex 
hibited a ſmall ſpot in the middle of them, and round about that ſpot 
a pellucid ſubſtance ; whereas, on the contrary, the eggs of the 
other animalcule appeared to me of a greeniſh colour. 


The following day ſome of thoſe eggs, which in the middle : 
had that ſpot, were miſſing, and after ſome hours had elapſed, all 
the eggs were ſeparated from the tail; at the ſame time I faw a 


number of the ſhells of the eggs ſwimming i in the water and alſo. 


many minute animalcules of fuch a ſize as might be expected to 


iffue from thoſe eggs. But as all theſe animalcules, though of the 
fame ſize, did not exactly reſemble the parent in 3 1 . 
not thoroughly ſatisfy myſelf in regard to tlrem. 

Another animalcule I had placed in a glaſs tube by iſe, and: 
the third day after it being ſo put apart, its eggs began to change, 
each of them being marked with a ſpot, and the external parts be- 
coming tranſparent. The following day, purſuing my obſervations, 


I perceived that all the eggs were ſeparated' from the tail, and a 


great number of animalcules of the ſame fize and make as thoſe I 


had at firft diſcovered ſwimming in the water, and moving them-- 


ſelves ſlowly from place to- place by firikin g on the water With cer- 
tain organs they were furniſhed with.. 

At ſight of all theſe things, I was convinced Gier thoſe animal 
cules which I had before obſerved, proceeded-trom the eggs ; but, to 
be more certain in this reſpect, I put the parent, with all the young 
ones newly brought forth, into a clean glaſs, into which I had 


8 


poured about the quantity of a cubic inch of water, in order to ſee 


whether in that water they would increaſe in ſize; and undergo any 
change of — but, upon viewing chem again the following day, 
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I faw but a very few of them, and after about thirty hours from 
the time of their being firſt excluded from the eggs, I only ſaw 
one of theſe young animalcules, which was adhering to the glaſs, 
and ſeemed a little increaſed in ſize, The next day I could not per- 
ceive one of theſe young animalcules, upon which 1 began to think 
that perhaps the parent, for want of other food, __ have de- 
youred its own offspring. 

Not content with the preceding obſervations, 1 er würds, at 
three ſeveral times, caught ſome of theſe animalcules which had 
eggs faſtened to their bodies, and placed each of them in diſtinct 
_ glaſſes, that ſo I might be better ſatisfied as to the nature of theſe 
creatures. 

Among theſe I had one ani inet much larger than the reſt, 
and an extraordmary number of eggs adhering to-it. As ſoon as. 
this animalcule had let go the eggs, and the young ones excluded 
from them were ſwimming in the water, I killed the parent; that 
by this means I might the more certainly determine in what man- 
ner theſe creatures acquired their growth and increaſe ; but my 


glaſs happening to- be leaky, and the water eſcaping out of it, 1 
was diſappointed. 


Moreover, I had taken and placed apart another animalcule, 5 
half the ſize of the preceding one, which nevertheleſs had eggs 
fixed to its body, though not a fourth part ſo many in number as 
thoſe on the former one. After two or three days, theſe eggs were 
fo far altered, that I judged the young ones would ſoon iſſue from 
them; but the next day the animalcule was dead, and all the 
| thells of the eggs were adhering to its body, though the young ones 
produced from them were ſwimming about in the water. | 
It is well known, that all the fiſh in our ſea or rivers which Wy: 
eggs or ſpawn, and are therefore called oviparous, are, when a 
year old, - able to propagate their kind, being then provided with. 
roes-or eggs; and that theſe eggs are, ſingly taken, as large in the 
ſmalleſt fiſh- as in the largeſt of the ſame ſpecies ; fo that the dif- 
ference in the ſize of the roes proceeds only from the greater num 


( 86 ) 
ber of eggs which they contain. The ſame is the caſe with reſpect 
to the minute animalcules of which I am now ſpeaking : for the 
eggs of the ſmaller animalcules were of the ſame ſize with thoſe of 
the larger ones, though the eggs of one were four times more in 
number than thoſe of: the other. | > | 

Theſe laſt animalcules I placed in a ab Glled with. water, in 

Which were ſwimming ſome other animalcules of the ſame kind, 
which were about ſeven or eight days old; at which time 1 judged 
theſe animalcules to be four times the ſize they were en firſt 
excluded from the egg. | 
On the 13th of July I had fore: 8 dee in a beer glas 
full of water, none of which had any eggs adhering to them; but 
the next morning I ſaw a number of eggs, of a greeniſh colour, on 
the body of one of them; whereupon I took this animalcule from 
the others, and put it into a glaſs tube, about the thickneſs of a 
common gooſe quill, with intent to diſcover in what ſpace of time 
young animalcules would be produced from theſe eggs. 
In the morning of the 16th of July, I perceived ſome animal- 
cules which had iſſued from the eggs, and others ſtill lying within 
the eggs: but whereas theſe eggs had before been joined together 
in very regular order, now, on the contrary, the entire eggs and 
the ſhells of thoſe from which young ones had en lay ee 
in a very irregular manner. 

In the mean time I had, on the 15th of J > obſerved ether 
animalcule, having the lower part of its body filled with eggs, 
though the day before I had not ſeen a ſingle egg on it: this, 
therefore, I placed by itſelf in a glaſs, and, on the 18th of July I 
ſaw all the young animalcules come forth from the eggs, and ſwim- 
ming about in the water. | 

From theſe obſervations J was aka. that all theſe pate. 
brought forth their eggs in the ſpace of a day or a night, and 
placed them on the hind parts of their bodies, in the exact and re- 


4.3: 
ar order I have mentioned, and that, after three days more, the | 
yobag within the eggs were perfectly formed. x. 2 
Theſe laſt-named animalcules did not live above three or four 
days, whence I conjectured that they died for want of food. 
I determined to give a drawing of one of theſe animalcules, with 
the eggs adhering to its body, as nearly as the limner was able 
to repreſent it; for when I took one of them out of the water, 
none or a very few parts of it could be plainly diſtinguiſhed, ſo 


that it was neceſſary to make the drawing while it lay in the 
Water. 


Plate XIV. fig. 16, A BC D K FG, exhibits this ahibndkeblle as 
it lay with its back next the limner. The. letters CHI and EKL 
repreſent four horns with which the head was furniſhed. 
At the letters B M and FN are to be ſeen the eggs which the 
animalcule, having brought forth, had Placed on- the outſide. of its : 
body about this part. 
AO and G, are the forked parts of the tail, which FEY about 
their extremities, ſhewn at the letters O P, were each again ſubdi- 
vided into four parts, which might have been taken merely for 
hairs; but when accurately examined, and with, a good magnifier, 
then each of theſe parts (marked i in the figure OQ and PR) ap- 
peared to be covered with a great number of e 6 minute 
particles. 2 c 
When the animalcule lay in din poſition, or even with its belly 
towards the limner, thoſe limbs or organs with which it moves it- 
ſelf in the water, could not be diſtinguiſhed. I, therefore, placed 
it ſo that its fide might come into view, and that thus the limner 
might copy them to his beſt in the drawing. f 
Fig. 17, exhibits, at the letters qed, thoſe organs or limbs, 
each of which conſiſts of eight parts, though they could not all be 
here ſhewn; and each of theſe is compoſes of various organs, part - 
of which may be ſeen at fig. 18, at the letters e and F. 
This animalcule did not uſe theſe limbs in the fame manner as 


8 (8 9 
terreſtrial animals which have.many feet, nor as thoſe in — 5 
do for the moſt part, that is, by moving the feet ſucceſſively one 
after another; but this creature, with great ſwiftneſs, moved all its 
limbs at the ſame inſtant, ſo that with a ſingle ſtroke it moved NOPE 1 
quickly and made much way in the water. 51 1 
Here we find another convincing proof, with nüt many per- 
fections 10 minute an animalcule is endowed, as well in regard : 
to the ſtructure of its body, as to its innate diſpoſition, or the in- 
ſtinct whereby it is pompted, when the eggs are fully grown within 
its body, to place them on the outſide of it, and to the intent (as 
ſeems to me) to protec: the eggs from being injured. or devoured 
by other animalcules.; and that the young ones, when in a perfect = 
ſtate, are able to diſengage themſelves from. the eggs. And who =_ 
. can diſcover all the farther perfections with which ſo minute and (to 
us) inſignificant a creature may be endowed ? 3. 
When, therefore, we ſee theſe wonderful properties in fa; mall. 
and, to us, contemptible a creature; and, moreover, figure to our- 
ſelves 3 in imagination what farther we can ſuppoſe concealed in it, 
can any one with reaſon ſuppoſe that ſo many perfections are pro- —_— 
duced ſpontaneouſly, or by chance? But we ſhall be a thouſand MZ 
times nearer the truth, if we lay it down as an axiom qr indiſput- 
able fact, that all the living creatures we behold at this day, how- 
ever minute, derive their * from thoſe which were formed at 
the Creation. 

I have frequently declared this to be my opinion, nd ſhould not 
now have touched upon the ſubject, were it not that I find; by 
experience, moſt men ſtill adhering to the old opinion, and the 
follies of antiquity, that many minute amimaleuler are produced. : 
ſpontaneously. | 

But if we ſee ſo much perfection, as well in. the ks of the body 
as in the aptitude to propagate its kind, in the animaleule of which 
J have been treating, we may, by parity of reaſoning, conclude, 

that the fame perfection muſt neceflarily exiſt in the minuteſt fiſhes 
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or animalcules, even in thoſe whoſe whole bodies are ſlenderer than 


thoſe very ſlender particles with which each of the four parts (marked 


in the figure by the letters OQ and PR) are covered. For, in a 


word, the animalcule I have juſt been deſcribing may be conſidered 


as an elephant, if compared with the moſt minute of thoſe fiſhes 


or animalcules which may be diſcovered in all waters. 
If it be then aſked, to what end ſuch exceedingly minute animal- 
cules were created, no anſwer can readily be given which ſeems 
more agreeable to the truth, than that, in like manner as we ſee 
conſtantly, that the larger kinds of fiſh feed on the ſmaller ; as, 

for example, that the cod fiſh preys on the haddock and other 
ſmaller kinds of fiſh ; the haddock again on the whiting ; theſe on 


ſtill ſmaller fiſhes, and among the reſt on ſhrimps ; and ſhrimps on 


fill more minute fiſhes; and that this gradually prevails among 
all the kinds of fiſh : ſo that, in a word, the ſmaller are created to 


be food for the larger. Again, if we conſider the nature of our 


3 


ſea, abounding with fiſh, yet having nothing at the bottom of it 


ſave barren ſand: ſtored with various ſhell-fiſh, yet deſtitute of 


every green herb; and if we, moreover, lay it down for a truth, 


that no fiſh can be ſupported on water alone, there will not remain 


a doubt, that the ſmaller fiſhes are deſtined, by Nature, to be the 
ſubſiſtence of the larger. 

You will excuſe, illuſtrious Signor, my boldneſs, in twig up 
your time with my remarks, of little value, ſince you can employ 


yourſelf in much more uſeful ſtudies than to read the wes I 
commit to paper. 


| I remain, &c. 
Delft, in Holland, | 
the 16th October, 1699. 


A. van Leeuwen hoe. 
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O THE MAGNET « OR LOADSTONE. 


Hams: at N times Gene the Lowlfene: without 


committing my obfervations thereon to writing, I at length deter- 
mined to make and note down a ſeries ww regular obſervations on 


the ſubject. 


I took two Laadſtones, my of them weighing ſome pounds, 
and fuſpended them to a balance, in order to fee what tendency 
they might have to iron: I then brought a piece of iron very near 
to the Loadſtone, but I did not perceive that the balance to which | 


it was ſuſpended, did at all move from its poſition. 
After this I took one of the before-mentioned Loadftones, in or- 
der to fee how much weight of iron it was capable of lifting. 
The firſt trial 1 made, was with the key of my houſe door; this 
the Magnet would not lift, but after I had filed off a little of the 


key from that part where the Magnet was to be applied, that by 
this means the fatty ſubſtance, left by repeated handling on the key, 


might be cleaned away, then the key adhered to the magnet. Upon 
obſerving this, I no longer wondered that the Loadſtone, when it 
was before applied to the i iron, had not ſhewn any attractive power, 
as if it had not much virtue, becauſe I confidered that this balance 
had been put to all ſorts of uſes in weighing. 

I put a piece of this Loadſtone, about the ſize of a filbert, into 
a glaſs tube, and cloſed the orifice of the glaſs by the help of fire. 
I then brought the Loadſtone near to a ſea-compaſs, and I found 


that the needle of the compaſs was as much attracted by the Load- 


ſtone, as if it had been on the outſide of the glaſs. 

I then broke the glaſs, and taking that part in which the Mag- 
net was placed, I cloſed both ends with a blow-pipe, leaving ſo 
much cavity or portion of air within, as, in-my judgment, would 


be ſufficient to keep the glaſs and the Magnet in it from ſinking in 
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water; wt by this proceeding 1 hoped to diſcover, whether the 
Northern part or pole * it is —_— of the Magnet would point 
towards the North. 

Plate XIV. fig. 19, AB * D, repreſents this glaſs; at E F is the 
piece of Loadſtone which 1 placed in the middle of the glaſs, that 
neither of the extremities might be depreſſed in the water more 
than the other. I then put the glaſs into an earthen veſſel filled 
with rain water, and I preſently ſaw the North pole of the Magnet 
move towards the Northern fide of the veſſel ; yet ſometimes the 
glaſs and the Magnet in it took a contrary direction, but which, I 
think, proceeded from hence, that as I often took the glaſs 
out of the water, I might, in replacing it, put the North Pole 
of the Magnet higher or lower than it ſhould be, and there- 
fore that it might not uniformly move the glaſs m the ſame 
direction. 

I alſo beſpoke ſome ſmall ſteel needles, ſuch as are uſed 600 ſea- 
compaſſes, and both extremities of theſe, namely, the North 
and South, were rubbed with a Loadftone by a man who made it 
his buſineſs to prepare ſea-compaſſes. Theſe needles, I put into 
glaſs tubes, cloſed at the ends, and of a ſize juſt to float, and putting 
them into the water, I preſently ſaw the extremities of the needles 
tend towards the North and South; but the leaft particle of duſt, 
or breath of air — the tubes did, I 2 impede their 
motion. 

But finding. chat by: wende of the length of theſe tubes, the 
Magnet very difficultly and flowly exerted its influence on the 
tubes to move them in the water, I broke the glaſs again, and 
prepared another of ſuch a ſhape, that the Magnet might put it in 
motion more ſpeedily: the ends of this glafs 1 118 cloſed with a 
blow-pipe. 

Fig. 20, GHIK LM NO, repreſents this glass; the letter Pp 
indicates the place where the Loadſtone was put; and by heating 
one end of this glaſs, I bent it in the direction LM, that its dif- 

M 2 
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ferent motions in the water might be more eaſily diſtinguiſhed. L. 
This glaſs I put into a very large and broad beer-cup, in which 3 
it ſunk in the water as deep as the place marked K: the point 
M immediately veering about to the North-eaſt part of the 
heavens, and as often as I altered its poſition, it returned to it 
again. 

1 had alſo ſeveral 83 of the before- dende! Magnet. 
one of which weighed no more than five grains; others of them, 
ſomewhat larger. I took three of theſe ſmall pieces or particles, 
and prepared for them three ſmall glaſſes of the ſhape repreſented 
at fig. 21, QR ST, in which, at V, the particle of Loadſtone is to 
be ſeen, The part Q R was added for no other purpoſe than to 
keep the glaſs upright in the water. Iwo of theſe ſmall glaſſes 
were ſo made, that no more than the part S'T appeared above 
the ſurface of the water; the turd was ſomewhat more ele- 

vated. 
Upon putting theſe 2 into the water, the extremity or part, 
F, of one of them turned itſelf towards the Weſt ; and as often 
as I changed its poſition either way, it reſted not till it had re- 
turned to its firſt poſition ; and even when, with a quicker mo- 
tion, I turned the cup round from the South towards the Weſt, ſo 
that the part, T, almoſt pointed towards the North, that part im- 
mediately turned back to the Weſt, and there reſted. The ſecond 
glaſs pointed its part, 'T, towards the Eaſt ; and in whatever di- 
rection I moved it, it would not remain at reſt, except in its firſt 

poſition. 

J was greatly ſurpriſed to ab. in theſe experiments, that ſuch 
minute particles of Loadſtone, cloſely ſhut up in glaſſes, and more- 
over immerſed under water, would yet point to that Part of the 
Heavens whereto they were inclined. 9 


* 'The uniformity of Nature's operations, in caſes analogous, will be feen exemplified, on. 


comparing thefe appearances in the Loadſtone with what has been obſerved by naturaliſts in 
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The third glaſs being put into the ſame cup with the two former, 
I turned it in various directions, but it did not uniformly ſettle in the 
ſame poſition; for its part, T, ſometimes pointed towards the South, 
ſometimes towards the Weſt, and then would incline a little from the 
Weſt towards the South. When I firſt ſaw this, I began to con- 
clude that the fragment, though broken off from a Magnet, might yet 


be deſtitute of North and South poles, and, therefore, had no power 


to put the glaſs wherein it was placed in motion. But ſoon after- 
wards rejecting” that idea, I thought that perhaps the North and 


South poles in this fragment might lie ſo as to point one of them 


directly upwards and the other downwards; and that if ſo, they 


could not by any means put the glaſs in motion. I, therefore, 
| ſeveral times took this ſmall glaſs out of the water, and ſhook it 


up and down, that by ſuch ſhaking the poles or corners, if they 
lay up and down, might aſſume on horizontal poſition. And, after 
frequent trials, I found that at length. this glaſs took a certain di- 


rection, and kept that n in like manner as I have related of 


the others. 

Moreover, I took an iron key, and brought it near to the glaſs, 
while ſwimming in the water (but ſo as not to let the key touch 
the water) in order to ſee whether this ſmall piece of Loadſtone, 
thus incloſed and under the ſurface of the water, would be put in 
motion by the approach of iron: but I could not obſerve the leaſt 
motion. - Nevertheleſs, upon bringing a thick and long piece of 
iron very cloſe to the water and alſo to the glaſs, the glaſs in- 


clined a little to one fide: the ſame I alſo obſerved in the larger 


glaſs tube, which | is pictured at fig. 19. 


that minute aquatic animal or inſect, the Polype; which, if it be divided into many pieces, 


each piece will become a perfect animal, poſſeſſing all the properties of the original Poly pe, 
before divided. Mr. Baker, in his attempt towards a Natural Hiſtory of the Poly pe, has a 
curious eſſay reſpecting the diviſibility of the confcious principle in that living creature, 
which ſeems applicable to the inanimate properties multiplied i in this ſubdiviſion of the Load-. 
one, —TRrAaxsLATOR. | 
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But the motion produced in the glaſſes by theſe pieces of Load- 
Kone was ſo feeble, that I judged if a power not equal to the 
thouſandth part of a grain, had been oppoſed to the ſmall glaſſes, 
it would have given them a different direction; for theſe particles 
of Loadftone had very little virtue in them, if compared with what 
1 have heard boaſted reſpecting other Loadſtones. | 

Moreover, I made another glaſs veſſel, to contain a piece of 
Loadſtone; the ſhape of which veſſel is ſhewn at fig. 22, ABCD 
EFGHIK, and in the cavity of this, at AB CI K, a fragment 
of Loadſtone was placed, as marked at L. The length of this 
glaſs, from C to D, was almoſt nine inches; the cavity in which 
part was about the thickneſs of an horſe hair: I purpoſed to make 
the part, DE M, with a cavity of juſt ſuch a ſize, that by means 
thereof a ſmall part only. of the glaſs might riſe above the ſurface 

of the water: and, after three ſeveral trials, I made the glaſs ſo 
to my wiſh, that the upper part of the cavity, DEF, barely ap- 
peared above the ſurface. The reaſon why I made this glaſs of 
ſuch a length was, partly that I might ſee whether the particle of 
Magnet, when ſo deep under the water, would yet have power to 
turn its North pole towards the North, and ſo to cauſe the glaſs 
veſſel to change its poſition; and partly to obſerve whether, when 


funk ſo deep, it would be at all affected by iron brought cloſe to 


the ſurface of the water. This being done, I turned round the 
part, F G, ſeveral times; ſometimes with a quicker and ſometimes 
with a flower motion; and I 3 found that it would not remain 
at reſt until its extremity, G, pointed towards the Eaſt. 

I could not make this experiment in a beer- cup, by reaſon of 
the length of the glaſs; therefore I took a wooden veſſel of that 


fort which are uſed in this country to meaſure charges of powder 


for guns, and called by us, n which may be rendered 
in Engliſh, cartridge- boxes. 

After this I made another glaſs, the thinneſt part of which, ſimi- 
lar to what is pictured in fig. 22, at CD, was thirteen inches long: 
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into this J put a piece of Loadftone, which was half as long again 
as thick, but before ineloſing it J carefully examined, by the help. 

of a ſea-compaſs, in what part its North pole was ſituated; and 
finding it to be, not at the extremity but rather towards the middle, 
I placed the Loadſtone upright on its end in the glaſs. © The top of 
this glaſs, when it was put into the water with the Loadſtone in it, 
{ſcarcely appeared above the ſurface, and, after moving it in ſeveral 
directions, I found that it would not remain at reſt until the North 
pole of the Loadſtone in it pointed to the North. 

When this glaſs with the Magnet in it floated in a ftate of reſt on 
the water, I took a piece of iron, almoſt, eighteen inches long, one 
_ extremity of which I approached firſt to the furface of the water, 

and then to the outſide of the wooden veſſel near the bottom, about 
the part where the Magnet lay, in order to ſee whether by this the 
glaſs containing the Magnet would be put into any new motion, but 
J did not at that time perceive any. 
After this I applied the fame iron, not by its end but the whole 
length of it, as cloſely as poſſible to the wooden veſſel, and immedi- 
ately I perceived that the glaſs inclined ſomewhat towards it, where- 
upon I ſlowly moved the iron round the box, and ſaw that the Load- 
ſtone in the glaſs, and which was fourteen inches under water, fol- 
lowed the motion of the iron, ſo that in nearly a minute's time it 
performed a complete revolution. By this experiment the tendency 
of the Magnet was proved. to be greater towards the iron than to- 
wards the North part of the heavens, as appeared by its following 
the motion of the iron. Then, after ſome interval, I placed the iron 
lengthwiſe, cloſe to the wooden box or veſſel, in order to ſee whether 
the Loadſtone would be attracted by the iron, towards the fide next to 
it, which however did not happen, for it kept its poſition unmoved, 
excepting only that its North pole altered its poſition a little from 
the North. | 
Afterwards I made another glaſs, wherein I put a fragment of 
Loadſtone, which —— was of the ſame ſhape as chat repreſented at⸗ 
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Fg. 21, Q RS, this I put into a common beer-cup filled with water, 
and when the Magnet had turned to the North, and was at reſt, I 
took a round piece of iron, about an inch in diameter, and placed 
it lengthwiſe cloſe to the beer-cup, when I immediately perceived 
that the glaſs, with the Loadſtone in it, inclined ſomewhat to the 
iron; whereupon I moved the iron, as gently as I could, round 
avout the cup, and the glaſs, with the Loadſtone in it, immediately 
followed the motion, but without approaching nearer to the fide of 
the cup, and in about a minute's ſpace SEE a com plete revo- 
lution. 

After this 1 . the iron as cloſe as poſſible to the cup, in 
order to diſcover whether the attraction between it and the Magnet 
would be ſufficient to move the latter from the middle to the fide of 
the cup next the iron, but this did not take place though they were 
left a whole night. From theſe things I conclude, that the attrac- 
tion between the Magnet and the iron will ſhew itſelf upon the leaſt 


application, ſo far as to cauſe the circular rotation J have mentioned, 


but no farther, for very little force is required to effect this, in com- 
pariſon of that which would be neceſſary to draw the glaſs, contain- 


ing the Loadſtone, through the water to the ſide of the cup. Ne- 


vertheleſs, I do believe that there might be ſome tendency in the 
Loadſtone towards the iron, and I have no doubt that if this Load- 


| ſtone had been larger, or of ſtronger power, it would have moved 
to the fide of the cup next the iron. 


Once more, I made a much ſmaller glaſs, of the ſame ſhape as 
laſt mentioned, in which I put a ſmall piece of Loadſtone, not much 
more than the weight of a grain, and I found that ſmall particle of 
Loadſtone to produce the ſame effect as I had before obſerved in the 


other pieces, and the only difference in my obſervations was, that 
the larger the Loadſtone the quicker were its motions. 


oO 


on the lee of the Brain in a 3 E Sheep, and a 
| Sparrow. . 


In my examination of a Turkey's Brain, I began with that part 
which is called the corticle;* this part, beſides the small blood - vef- 
ſels and globules found in it, is compoſed of a very pellucid cryſ- 
talline, and (as it appears to the eye) oily ſubſtance, which, from its 
clearneſs and tranſparency, ſhould rather be called the vitreous or 
glaſſy part, than the corticle or ſhell, of the Brain. When I ſpread 
this into ſmall particles, J perceived to iſſue from it a ſmall quanti- 
ty of a thin fluid, compoſed of very minute globules, thirty-ſix of 
which would not be equal in ſize to a globule of the human blood; 
this liquor, though it did not extend farther from the brain than 
about the tenth part of the diameter of an hair, was yet mixed with 
thoſe globules. I obſerved this fluid matter principally in the 
Brains of thoſe Turkeys which had been killed ſome time, whence 
J concluded that it had partly iſſued from the ſmall veſſels of the 
Brain, and perhaps that ſome of thoſe veſſels themſelves might have 
been diſſolved into a fluid matter. Beſides thoſe ſmall globules, there 
were ſome larger ones, of which I judged fix would be equal in 
ſize to one globule of human blood; theſe two forts of globules I 
| TO. might iſſue from the minute veſſels which I might have 


* That is, the the} or caſe, from the Latin word cortex, Which fignities the bark of a 
tree. 5 
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| broken, and, that, what in the animal, when alive, was a thin fluid, 
o might become ſolid in the veſſels when cold, and exhibit the appear- 
« ance of thoſe globules; . I alſo ſaw, diſperſed among them, ſome 
a other bright irregular globules of different ſizes, and ſome as large 
1 as a globule of human blood, and others larger. Among, or in the 
" midſt of this watery matter and ' globules, there were diſperſed a 
0 great number of wonderfully minute blood-veſſels, and these in no 
10 greater a portion of Brain than the ſize of a large grain of ſand.. ; 
Ml Many of theſe blood-veſſels were ſo minute that (to judge by the I 
f eye) if one of the red globules in the blood of a Turkey, or other 3 
; 1 bird, were to be divided into five hundred parts, not one of theſe 3 
| parts could be contained in the cavity of thoſe veſſels. For I judged, 3 
10 that if the ſize of the cavity of thoſe veſſels ſhould be conſidered E 
by as 1, the axis of one of thoſe globules muſt be as 8, and conſe- E 
kl 8. quently, if the axis of any ſphere is 1, and the axis of ano- 3 
, | 5 ther is 8, then the proportion will be as 1 to 512; and though I 
i "64 theſe blood-veſſels were ſo minute, yet their colour plainly 4 
1 | 5 ſhewed that the ſubſtance they contained was what gives the 3 
of 512 blood its red colour,, And, if I had not taken notice of the I 
* faint colour which a globule of blood, ſingly taken, exhibits, 1 
Hl, it. would have been impoſlible for me to know theſe to be blood- 'Y 
veſſels, and. thus it appears that the reddiſh liquid imparts to them 3 
- ſome kind of colour; this I was the more certain of, by obſerving. Z 
ſome of thoſe veſſels ſomewhat larger which afſumed a redder caft. 4 
Theſe very minute blood-veſlels. appeared of a deeper colour where Z 
three or four of them lay one on another, without any interjacent 2 
; ſubſtance. From theſe appearances, I was more firmly of opinion 


than before, that the globules of blood, whence its redneſs. proceeds, 
are divided into ſmaller parts, when they come to ſuch minute veſ- 1 
ſels as they cannot enter without being divided; and I was now of 1 
opinion, that the dark colour of that part of the Brain, called the YZ 
corticle, in which it differs from the white part, called the medul- 3 


t 


lary or marrowy ſubſtance of the Brain, proceeds hom this, 
that the greater part of it conſiſts of pellucid particles, which are 
ſo cloſely joined together, that they exhibit a glaſſy or watery tranſ- 
parency, and that the dark colour is increaſed by the multitude of 
blood; veſſels paſſing through it. I alſo obſerved many very minute 
particles, which I judged to be globules, about the ſixth part of the 
ſize of a globule of human blood: theſe were not tranſparent, and 
gave the Brain a darkiſh colour, and reſpecting them I thought 
that, perhaps, they might have ſued FR ſome of the blood-veſſtls 
which I had cut aſunder. | 

We may alſo perceive that this corticle of the Brain is, in many 
places, deeply mixed among the medullary parts, but when we come 
to ſeparate them gently, we find, between the two, ſo great a num- 
ber of blood-veſſels, that they ſeem to conſtitute an entire mem- 
brane; and we ſhall find that this internal part has as many blood- 
veſſels as the corticle, or external part, of the Brain. Beſides theſe 
| ſmall blood-veſſels, I obſerved in the Brain other veſſels ſo ſlender 
that, in my judgment, none of the before-mentioned globules, 
though divided into a thouſand parts, could paſs through them. I 
do not here take any notice of thoſe blood-veſlels as large or larger 
than a hair of one's head, which in great numbers run among the 
medullary parts of the Brain, and are every where again divided 
into branches, 

When I came to what is called the de ſubſtance of the 
Brain, I obſerved ſeveral irregular globules of different ſizes, ſome 
of which were-equal to the ſize of a globule of human blood, and 
ſome larger, and which, as well as 1 could judge by my eye, for 
the moſt part conſiſted of a thin, tranſparent, and oily ſubſtance. 
Theſe globules are formed in the medullary part of the Brain (and 
principally in that part where the fpinal marrow begins), in ſuch 
quantities that they ſeem to conſtitute the greateſt part of the Brain. 
This great multitude of tranſparent globules cauſes the white colour, 
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becauſe all tranſparent particles, which are not ſo ä toge 
ther that the light can paſs through them in a ſtraight line, and do- 
not conſtitute as it were an uniform body, muſt exhibit a white ap- 
pearance to the eye, as I have ſhewn in * another place. Theſe ir- 
regular globules were ſo cloſely. joined, that when. 1 endeavoured, to 
ſeparate them, ſome of them ſtretched out, and became twice as 
long as broad, and they appeared to me joined in the manner of 

net-work : upon obſerving Which I- began to conſider whether the 
ſmalleſt blood -veſſels, iſſuing out of the cortiele, might not be again 
divided into ſmaller branches, and many of them ſurround theſe 
globules, or give way to them, as we see the small ꝶ horizontal veſ- 
ſels in ſome kind of wood give way to the perpendicular veſſels, and 
take a circuit round the half of their eircumference. This opinion 
of mine, that many of. theſe irregular globules are ſurrounded by 

ſmall veſſels, was confirmed, when. I ſaw many of the ſaid veſſels. 
bright in the middle, and bearing ſomething of a. dark colour at the 
ſides; and ſtill more, when, upon breaking the globules, I found- 
many ſmall fibrous parts which ſeemed to be veſſels lying among 


them. I alſo often ſaw parts of the medullary ſubſtance of the Y 


Brain of the ſame figure, as if we were to behold a fiſherman:'s net, the 
threads of which can eaſily be extended any way, and that between 
each ſpace of the net (Which fiſhermen call a meſh), avery ffexible body, 


in ſhape of a ball, was placed, which would aſſume either a round 3 


or an oblong form, as the net was drawn one way or. the other. 
And to ſuch a.net I compare the multitude of minute veſſels in the- 1 
medullary ſubſtance of the Brain, and the balls to the irregular glo- 4 
bules I have mentioned: The other parts of the medullary ſub- I 
ſtance conſiſted of an almoſt infinite number of exceſſively minute- 3 
globules, and a clear thin matter, which laſt I conjectured had I 
iſſued from the wounded. veſſels, and alſo that ſome of the. veſlels AY 
themſelves might have been diſſolved into it. 


* See Vol. I. p. 184, Addition by the Tranſlator. 
* This may be ſeen in Vol. I. Plate I. fig, 1; at the Letters EE E. Translator. 
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'Proceeding farther in my inquiries, I took the head of - a Sheep, 
and upon examining its Brain, I alſo found in the corticle, 
a great number of wonderfully minute blood-vefſels, in which 
I could diſcover the ſubſtance which gives the blood its red 
colour; theſe veſſels alſo gave the cortiele a darkiſh complex- 
ion. I often contemplated this incomprehenſible multitude of 
exquiſitely minute blood-veſſels, merely for the pleaſure I took. 
in viewing them. For I ſaw almoſt all of them again divide 
into branches; and I moreover took notice. of a great number 
of globules, each about a ſixth part the ſize of a globule of 
human blood, and which, I judged, ifſued from the veſſels which 
were broken; and I concluded, that fix of thoſe globules would 
join to make up one globule of blood. when they paſſed into 
larger veſſels, for they were very inferior in tranſparency to the 
other globules adjoining. I alſo imagined that theſe globules, 
of which fix would make up an ordinary ſized globule, when they. 
came to veſſels ſo ſmall as not to admit them, muſt be again 
divided into ſtill ſmaller parts, and then thoſe veſſels would become 
colourleſs. And, in order more clearly to give the reader ſome 
idea of the incomprehenſible ſſenderneſs of the blood veſſels which 
are formed in the brain, I have made a computation of their ſize, 
judging by the eye, and by compariſon with a large grain of ſand; 
I take it then for a certain poſition: that thoſe: globules which tinge 
aur blood with a red colour are, when perfect, of ſuch a ſize, that 
one hundred of them laid fide by ſide, do not more than 
* equal the thickneſs or axis of a grain of ſand, and 
100 conſequently, that a million of globules of blood are 
1,000,000 equal to a large grain of ſand. I next obſerve the blood- 
64 yeflels in the Brain, reſpecting which J am certain, that 

64, 000, 000 if one globule of blood was divided into ſixty-four parts, 
KF: none. of ſuch parts could paſs through one of thoſe veſ- 
ſels; for. 1 ſtate the diameter of one of thoſe veſſels to be as 1, and 
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che axis of a globule of blood to be as 4; the reſult is, that if 
4 a grain of ſand was divided into ſixty- four millions of parts, not 
= one of thoſe parts could enter the orifices of the ſmalleſt veſ-- 
4 ſels in the Brain, and eſpecially, if the ſmall particles of the 
blood were not flexible; but I think that the ſmall particles 
of the blood are equally flexible with thoſe globules which are 
of full ſize. I alſo found the corticle of the Brain in the Sheep to 
conſiſt of a clear vitreous ſubſtance, the ſame as I have deſcribed in 
the Brain of a Turkey ; with this only difference, that I ſaw in this 
| ſome thin white ſtreaks, which could not eafily be diſcovered by the 
naked eye, ſome thinner than a hair of one's head : theſe ſtreaks 
I judged to be cauſed by a greater collection than uſual, of thoſe 
large tranſparent globules which cauſe the medullary parts to appear 
white. I alſo obſerved in the medullary parts ſome dark ftreaks of 
the colour of the corticle, which dark ſtreaks, I judged proceeded 
only from this, that there were few - or none of thoſe en glo- 
bules in that part. BY J 
After this, I examined the white or medullary patty of. the 1 
Brain, and principally thoſe which are the beginning of the ſpinal 
marrow ; and here I think I faw, ſometimes very clearly, what I 
had not been able to diſtinguiſh in the Brains of Turkeys, namely, 
that thoſe large and tranſlucid (as they appeared to the ſight) oily 
globules, were in a manner ſurrounded, or lay in the midſt of, an 
inexpreſſible number of wonderfully minute veſſels or ſtreaks in the 
form of net-work, mixed with ſome larger ones, which were in a E 
ſtraight direction and very tranſparent, cauſing the Brain where 
they were collected in any quantity, to appear uncommonly white 3 
to the eye: theſe, by ſeveral obſervations, appeared to me to be 2 
about the twenty-fifth part the thickneſs of an hair, and to be of a 
dark colour. 'The remainder of the medullary ſubſtance conſiſted 
of the ſame kind of parts, as J have ſaid I obſerved in the Brains 
of Turkeys. And yet I ſometimes had my doubts, whether all I 
deemed to be veſſels were ſo in reality. 
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After this, I took the Brain of an Ox immediately after the head 
was cut off, and forthwith proceeded to examine the corticle of the 
Brain with all the care and attention I was able. In ſeveral exa- 
minations of which, I thought I was aſſured that the vitreous and 
very pellucid ſubſtance (which conſtitutes the greateſt part of the 
corticle), conſiſted of nothing elſe than of exceſſively ſlender ſtreaks 
or veſſels cloſely joined together; though at another time, I could 
not ſatisfy myſelf fo fully in that reſpect as I wiſhed to have done. 
With regard to the component parts of the corticle, I could not diſ- 
cern any difference from what I have before related of the 
other ſubjects I examined, except that I. did not here perceive fo 
much fluid matter, as where the animals had been killed ſome time. 
The white, or medullary ſubſtance of the brain, I found to be of 
the ſame nature as I have deſcribed in a Sheep. For, when I ob- 
ſerved the very white lines or ſtreaks in the medullary part (from 
whence the ſpinal marrow takes its origin), I found the reaſon of 
its great whiteneſs, to be a number of very tranſparent veſſels ad- 
joing to each other, which ſeemed to me, formed. for conveying 
from the ſubſtance to nouriſh and ſupport the ſpinal marrow, and in 
part the nerves: the largeſt of theſe veſſels deſtined for conveying 
ſuch nouriſhment, ſeemed to me, as nearly as I could judge by my 
eye, to be about the hundredth part of the thickneſs of a hair of 
my beard, though at another time, I ſaw them much larger; but 
in this inſtance, I think. I happened on that part of the Brain where 
thoſe tranſparent. veſſels were the ſmalleſt of all. 

In all theſe my obſervations, it muſt be underſtood, that. I take 
no notice of the multitudes of blood veſſels diſperſed throughout the 
Brain, which, upon diſſecting it, may be ſeen with the naked eye. 
For theſe are, as it were, entire rivers, when compared with the 
ſmall veſſels I diſeovered, and have been now deſcribing, which. 
may be deemed as the ſmalleſt brooks, channels, and ditches. 
I alfo examined the corticle of the Brain in Sparrows, immedi-- 

ately after having killed them. In theſe, I not only obſerved with 
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equal diſtinctneſs, the ſmall veſſels of every deſcription, as r had 
ſeen them in the Brain of a Turkey; but alſo as clearly and diſ- 
tinctly as T had done in the Brain of an Ox and a Sheep, and in all 
other reſpects, there was no difference to be noted than between 
the magnitude of a Sparrow's Brain and that of an Ox; ſo that as 
before obſerved, there is no difference between them (except in the 
large blood veſſels), ſave that the ſize in the larger animal is owing 
to its being compoſed of a greater number of parts. And when, 
with my utmoſt attention, I examined the vitreons ſubſtance 
(otherwiſe called the corticle) of the Brain, it feems to me 
wholly to confiſt of no other parts, than an incomprehenſible mul- 
titude of the minuteſt veſſels, which adjoin ſo cloſely to each other, 
that by their tranſparency they repreſent a glaſſy ſubſtance, when 
viewed by the microſcope, and which appeared more plainly to 
me in the ſmall Brain of the Sparrow, than in the "TO one ve 
'the Ox. N 
Now, though I am certain of the truth of my opinion, nor re 
any ſcruple or doubt reſpecting the exiſtence of the minute veſſels 
I have been deſcribing, I had rather it were doubted of by others, 
if perhaps my fight has deceived me, but which I ſee no reaſon to 
believe. For we ſhall ceaſe to doubt or wonder at the minuteneſs 1 
of theſe veſſels, if we recollect and duly conſider the minuteneſs 3 
of thoſe which the ſmalleſt animalcules we view muſt be furniſhed 
with; or what will ſeem leſs wonderful, if we conſider what I am 
going to relate, reſpecting the ſmalleſt veſſels in our own bodies. 
For being lately buſied in diſſecting a human eye; in the black mem- 
brane which covers the cavity of the eye, and by which the rays 
of light are reflected, I ſaw ſtreaks or veffels the ſmalleſt that I 
had ever diſcovered ; and being defirous to judge of their flender- 
neſs, I took a large grain of fand, the axis of which was almoſt 'Y 
the thirtieth part of an mch : viewing this grain of ſand by the 3 
mucroſcope, I judged that its axis might be divided at leaſt into I 
- 330 equal parts; and finding that eight of thoſe ſmall veſſels, placed 
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SY ide. = fide, would not equal —th part of the OY 
2,640 of the grain of ſand, it 8 that the axis of 


2,640 | 
ſuch a grain is 2,640 times larger than the breadth 


105,600 of one of thoſe ſmall veſſels. This number 2,640 


1,584,0 
e being multiplied into itſelf, to find the ſolid con- 
N tents of a body whoſe, axis is 2,640, the reſult is 
2 Is more than. eighteen thouſand. millions : ſo that 


— — large grain of ſand, as before-mentioned, must 
_ 278,784,000 be divided into ſo many millions of parts before 


4,181,760,0 © 
13,939,200 any one of. theſe parts can paſs into the cavity 
7 — of thoſe minute veſſels. And the minute veſſels, 
18,399,744, 000 


vdhich in part conſtitute the vitreous ſubſtance of the 

Brain, I take to be ſo ſmall, that no particle or 
grain of views ſand could paſs through them,. unleſs it were firſt, 
divided into many millions of parts. 

With regard to the Brain of a Sparrow, I * by many ob- 
ſervations, that thoſe parts which are called the medullary ſubſtance- 
do, for the moſt part, conſiſt of wonderfully minute fibres or veſ- 
ſels : and in this part I met with as many ſmall blood-veflels as I 
have before mentioned to have ſeen in the corticle. The remainder 
of the white ſubſtance in the Sparrow's Brain did not differ from 


that in the Ox, Sheep, and Turkey, as I have before mentioned, 


except that the tranſparent oily globules, which were encloſed by 


ſome of the veſſels, were not ſo large in the Ox. But in the Brain 


of. a Sparrow which had been killed twenty-four hours, I found 
thoſe: oily globules, as far as my eye could judge, to be of the fame 
ſize as in the brain of an Ox or other animal. From theſe laſt ob- 
ſervations, and. from my former ones, I began to conſider whether 
that great number of lucid globules (which may be conſidered to 
be of an oily ſubſtance) were not. a fluid in the veſſels, or perhaps. 
the veſſels themſelves, which, while the animal was living, con- 
tinually conveyed a ſubſtance for the nutriment of the ſpinal mar- 
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row and the nerves; and that, upon the animal's death, and the 
motion of the fluids in the veſſels ceaſing, and the parts growing 
cold, they collected or coagulated into irregular globules of different 
ſizes, in like manner as we ſee that two or three globules of blood; 
lying ſo near as to touch each other, do, upon the approach of cold, 
concrete together and form an irregular figure. And as often as I 
revolve in my mind the ſituation and figure of the medullary ſub- 
ſtance of the Brain, it ſeems to be deſigned by Nature to convey the 
blood, which in theſe innumerable ſmalleſt veſlels, paſling through 
the vitreous part of the Brain {called the corticle), is prepared and 
elaborated, to the {| Pinal marrow-: ſo that moſt of the minute arte- 
Eo: ries which are found in the Brain, ſeem made only to convey the 
blood to the Brain, without its being returned from thence into 
the veins; and for this intent only, namely, that the Brain may 
be continually ſupplied with a freſh addition of blood, and may 
provide a conſtant freſh ſupply of ſubſtance, for the Gapport and 
nouriſhment of the ſpinal marrow. and the nerves. And as to the 
objection which fome may make, that if the blood did really paſs 
through the Brain, it would tinge the medullary ſubſtance of a 
red colour; fach objection will be found of no force, if we con- 
ſider that a * globule of blood, ſingly taken, exhibits very little of a 
red appearance ; and, therefore, when divided into its moſt minute 
component particles, it may Kt e wholly colourleſs. 


Abprrrox, BY THE TRANSLATOR. 


The Tranſlator begs leave to ſubjoin a few words to this Efay, f for the 
information of ſuch of his readers as are not converſant in the doarine of 
ſolids ; and the rather, as what the author ſtates reſpecting the minuteneſs 
of the veſſels in the retina of the human eye may appear, at firſt ſight, 
utterly incredible. But it muſt be remembered, that it is the ſolid contents 
of two ſpheres or globes of the ſizes mentioned by the author, and not 3 
their reſpeive diameters, that are the meaſure of his computation, oO 


* See this explained in Vol. I. page 94. 1 
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J 0 illuſtrate this, we muſt underſtand, that if a grain of ſand were 
divided into parts (ſuppoſing all to be of a ſpherical ſhape) each of which 
was :#oth part of the diameter of that grain, each of fuch parts would be 
capable of entering the cavities of the ſmall veſſels he is treating of: though, 
at the ſame time, the rules of arithmetic teach us, that the ſolid contents 
of that grain would be to the ſolid contents of one of thoſe component 
parts, as 18,392,744,000 to 1. Again, he tell us, that a globule of blood 
(of which a million are no more than equal to a grain of ſand) muſt be 
divided into 64 parts before it could be received into ſome of the blood veſ- 
ſels of the Brain; and that a grain of ſand would be equal to 64 millions 

of ſuch parts. But by the ſame rule we ſhall find, that the diameter of 

each ſuch part is no more than th part of the diameter of a grain of ſand. 
After all, it muſt be confeſſed, that theſe reduced ſubdiviſions are not to be 
comprehended in idea, though not ſo inconceivably minute as the other. 
proportions ſeem to intimate.—See a note on this ſubjeQ, taken from the 
* in the Introduction to the Firſt Volume. 
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| On the Fes * in the Rg Foto pF on 5 ee ich the 
Author's remarks on the great n of Nature: in the fes 
pagation of plants and animals. 


f 1 HAVE, at times, beſtowed much labour! in ſearchin g after the young 
plant in the ſeed of the Fig, but always without ſucceſs; the reaſon 
of which I took to be, that when Figs are packed up at the places 
of their growth, in order to be exported, they are gathered before 

they are ripe. At length, however, while I was in ſearch after fo- 


_ reign mites (that little pernicious inſe& which finds its way into all 


kinds of dried proviſions, ſuch as cheeſe, dried fiſh and bacon, and 


alſo dried fruits, as Figs and Raiſins) I found a Fig with ſeveral hun- 
dreds of theſe animals in it, but otherwiſe of good taſte and full 


grown, ſeeming to me as if it had been ripe when gathered. I was, 
therefore, induced to difſe& ſome of the ſmall ſeeds it contained; and, 
breaking open the hard outſide ſhells of ſeveral of them, I took out 
the entire kernels they contained, then ſtripping this kernel of the 
membrane ſurrounding it, and clearing away ſome moiſture which 
covered the plant, I ſaw a complete young plant, conſiſting of two 


leaves, and of the part from which a young tree would in due time 
have proceeded. 


I have cauſed a drawing to be made, from the microſcope, of 


the young plant in one of theſe ſeeds (of which ſeeds we know that 
every Fig contains great numbers), becauſe I have often heard it 
ſaid, that eating Figs in great quantities, will breed lice in the 


ſtomach; and that ſome perſons (and among them a man of ſome 
eminence) have not ſcrupled to aſſert the ſame in writing; which 


idle tales certainly do no other than excite deriſion, for I am well 
aſſured that this notion took its riſe from no other cauſe than the 
multitude of ſmall grains or ſeeds with which all Figs abound, but 
which not one man in a thouſand knows to be ſeeds, and i! leſs, 


** 
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that 3 in every one of thoſe ſeeds there is as much oerſodtion as in an 
entire Fig-tree ; and, therefore, it is very probable, that people 
comparing theſe ſeeds or grains in Figs, by reaſon of their ſmall- 
neſs, with lice, firſt broached the idea that lice can be bred Tem, 
Figs. 

1 2 XIV. fie. 23, AB C, repreſents the kernel or internal part, 
taken out of the hard ſhell of one of thoſe ſeeds, which we obſerve 
in great numbers in every Fig. AB is that part of the kernel to 
which the ſtring or ligament by which the ſeed received its nouriſh- 
ment was fixed. That part from which the root and trunk of the 


tree would proceed, is ſituated from A towards C; but the leaves 


of the young plant lie from C towards B. Every one of theſe 
grains or ſeeds in a Fig is diſtinct from the reſt, being as it were 
ſurrounded with its own proper membrane; ſo that we may be 
certain that every ſeed, while in the Fig, is provided with two ſtrings 


or ligaments, deſtined for its nouriſhment, namely, one that nou- 


riſhes the hard ſhell, and the other that PANE! nouriſhment to the 
kernel within the ſhell. 

At fig. 24, DEFG, is ſeen the young plant taken out of the 
ſeed of the Fig; ; and in this figure, EFG, denote the two leaves; 
and GDE, that part which would grow to the root and ſtem or 
trunk. But it muſt be obſerved, that this young plant does not 
conſtitute the whole kernel of this ſeed, but that the young plant 
{beſides the membrane which ſurrounds it) is partly enveloped 
with a certain kind of ſubſtance, from which it receives ſupport 
and growth, until the root is grown long enough to extract nou- 
riſhment from the earth. All the ſpace in the figure, between 
FDG, was filled with this ſubſtance. 

Now, if we attentively conſider and obſerve the membrane which 


| ſurrounds this kernel, we ſhall not only ſee a great number of ex- 


ceſſively minute veſſels, but an incredible quantity of dots or cavi- 
ties in it, ſo that, in a word, if it were poſſible to dive into all the 
hidden parts of this ſeed, nothing would be ſeen but wonders and 


"Y 


< 110 * 


perfections, for no doubt this mi inute Tue poſſeſſes as many per- 
fections as an entire tre. 

When I had ſteeped ſome of thefe ſeeds in water for a few hours, 
and then opened them, E could diſtinguiſh, as well in that part which 
would produce a root as in the young leaves, a great number of veſ- 
ſels with their diviſions or cells, but as ſoon as the liquor evaporated, 
all thoſe veſſels diſappeared. 

Fig. 25, HIK exhibits: the ſame plant as is ſhewn in fee. 24, 
with this difference only, that whereas the former was drawn in a 
| poſition to ſhew only the ſides of the leaves, in this figure the plant. 


was 50. placed before the microſcope as to ſhew the nnn of the 


leaves. 


I am at times called upon to defend the ſyſtem 1 We waiter | 
reſpeRing the propagation of animals (which is often the caſe with 


many eminent perſons. who come to viſit me), and they continually 


object to what I have delivered reſpecting the abundant proviſion 


made by Nature in the firſt rudiments of the young of each ſpecies, 
of which few come to perfection, whereas (ſay they) Nature does 
nothing in vain. The anſwer T generally make to this objection is, 


by obſerving what multitudes of ſeeds are produced by trees, of 
which the preſent is a ſtrong” inſtance. For, when we ſee that a 
eommon Fig contains in it between four and five hundred feeds or 


grains, and that each Fig- tree may every year produce many Figs, 
and from each perfect feed a whole tree may ſpring ; : and conſe- 
quently that a ſpace of ground planted with Fig-trees. may, in one 
year, produce ſo many ſeeds as would ſuffice to ſow, not only an 


entire kingdom, but the whole furface of the earth, and that this is 
not only the caſe with Figs, but in every kind of tree whatſoever: 


when, I lay, we continually fee theſe things, I cannot but give it 
as my opinion (with due deference to better judgment) that we 


ought not to call in queſtion for what purpoſe ſuch a ſuperabundant 


proviſion is made, but that it would become us better with reverence 
to acknowledge the Omniſcience of the Supreme Being, who has 


A 01 3) 


thought ft to » make ſuch a proviſion for the. propagation of ani« | 


— * and vegetables, the reaſons for Which order of things are 
to us inſerutable, and e which. we can only form con- 


jecures. 


In eating deere my attention was taken by thoſe little 
Knobs « or, rifings we ſee on their ſurface, and I had no doubt that 


each of them was a ſeed: to ſatisfy myſelf reſpecting this, I took 
one of the largeſt and ripeſt Strawberries, and picked out ſeveral 
of the ſeeds; then ſtripping them of their outward covering, I 


found each of them provided with a ligament by which it had 


received its growth, I alſo broke open the hard ſhell, and found 
in each ſeed that ſubſtance we may call a kernel; from this ker- 
nel I took off the membrane, and placing the plant before the 
microſcope, I cauſed a drawing to be made of it, in order to 
ſhew what numbers of ſeeds we ſwallow in eating only a ſpoon- 
ful of Strawberries ; for, cutting one of the largeſt Strawberries 
into four pieces, I counted in one quarter of it, fifty ſeeds, and 
conſequently, that one Strawberry was covered with two hundred 
ſeeds; and one of the {maller ones I judged to have an hundred 
and twenty. 

Fig. 26, ABC D E, repreſents the plant taken out of the ſeed 
ofa Strawberry ; ; ABC is that part which would grow to a root; 


and C DEA, are the two leaves which would firft * above 


the ground. 

Theſe two leaves are Son moſt exactly joined to each other ; 
but as, while I was taking out the plant from the ſeed, the leaves 
parted a little aſunder, I directed the limner to draw them in 
that poſition, that each leaf might be the eaſier diſtinguiſhed. 

Now, if we recollect that a young Strawberry plant, (for I never 
heard of Strawberries being propagated by ſowing), does in one 
year ſend forth various branches (commonly called runners); which 
in a proper foil conſtantly ftrike good roots, and grow up to per- 


r 1 * 


— r 


r reer n 
. A * ——— 


— 


2 P n IE = 0" YI wy ED 
> = 8 2 =» f 


K 112% 


duced 


* 


s are pro 


2 
f 
— 
8 


1 
= 
5 
MN 
< 
—_ 
— 
8 
— 
8 
A 


f, I fay, 


we duly 


and 


1 


- 


Won- 


d by 


. 


CC 


» 


oniſhed 


£ OA EE 5 eee e r. MENS KY, n Pfr? Fu 
N * 3 N — 5 29 A e I EY 
CE hu » A; 9 p Res RE 8 ALES EIS! e 
Oy n 1 LY ä SRO IN 25 9 ER N n 2 
r 2 1 ee x C OS. 4 oy ER 1 . 
- * 5 * * e * 


. 


wing year 


many pl 


* 


y ear, 


- 


the follo 


many Strawbe 


. 


ſame 


* * 


the 


* 


oY 
In 


ſingle one, all which 


* 


ts, ſo that 


plan 
m a 


In 


- 


" 1 


odu 


Trles, CAC 


produces 
has as m 


Sa, 


ſeeds as we have ſeen 


any 


rries 


each of them 


fect 
fro 


be 


* 


things, we muſt ne 
, at the multitudes 


der in filence 


plants. 


conſider 


; 


of ſeeds which are produ- 


eds be aſt 


- 
. 


- 


* 


theſe 


* 2 ͤ‚— —„— — ¹m 1 2 ˙ — 


3 


2 


A 
8 


a 


—— 3 So * 
„ 1 . - " a — 


Onithe natere of the waste Fibres. which compoſe the fleſhy pars 
i e en Animals, and alſo of Fiſhes and * 


| I N my exatitation of the oothponect Fibres of the fleſh of oxen. 
and cows, J judged'that each ſingle Fibre was ſo minute, that fifty 
of them, placed together, were no more than equal in diameter to 
one twenty- ſecond part of an inch; but, if we take the twentieth 
part of an inch, and allow the other two parts for the membranes i in 
which the fleſhy Fibres are incloſed, it will amount to one thouſand 
17,000 fleſhy Fibres in the length of an inch, and, conſe- 
1.000 quently, a million of fuch Fibres, wrapped in their 
1,000,000 membranes, will be compriſed. in. the compafs of a 
— ſquare inch. In ſome of my obſervations, it appeared 
to me, that about an hundred of theſe fleſhy Fibres, tying cloſe to- 
gether with a membrane ſurrounding them; compoſed; one ſmall 
fleſhy muſcle : at another time I faw, in an ox's tongue, three ſmall 
fleſhy muſcles, each of them enveloped. in a membrane, lying cloſe 
together; and, having cut them tranfverfely, I found that the ſpace 
they occupied was not ſo much as could be covered by a grain of 
fand (one hundred of which grains, placed ſide by ſide, make up 
the lengtk of an inch). Now, if we fuppoſe that two hundred of 
theſe fleſhy Fibres, incloſed in their membranes, compoſe a ſmall 
fleſhy muſcle, five thouſand of thofe ſmall muscles will go to make 
np the dimenſions of a ſquare inch. I compared the thickneſs of 
theſe fleſhy Fibres with the ſize of a hair taken from my wig, and 
I judged that at leaſt four Fibres of an ox'$ fleſh, taken near the ribs, 
were contained within the ſize of one of thoſe hairs, and that a hair 
of my beard was nine times as large as one of thoſe Fibres. We 
muſt not imagine that thefe fleſhy Fibres are round, but each of 
Vox. II. 2 
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them aſſumes a different figure, ſo as to lie together and adjoin as 
cloſely: as can be imagined This my putation...of the. Hleſby 


Fibres (as they are denominated by a certain medical gentleman in 


this country), J have here ſet down in order to ſhew their minute- 
neſs, and the rather as the ſame medical gentleman ſuppoſes, that 


theſe fleſhy Fibres are inſerted into the orifices of the veins and 


end in the arteries, and that the circulation of the blood is performed 
in theſe fleſhy Fibres, and he ſays that he has ſeen valves in them; 
but theſe his obſervations are not taken from the mieroſcope, but 


from the judgment of his naked eye, ſo that, doubtleſs, he miſtook 


an entire fleſhy muſcle for a fleſhy Fibre. . 

Plate XV. Fig. 1, is a fleſhy Fibre, in which I have often = 
ſerved ſome foldings or inequalities, like wrinkles, as ABCD, and 
others lying near them, as at EFGH, and again as at IK LM, and 


1 


in this manner, viewed by a common microſcope, they had the ap- 


pearance of being compoſed of globules; ; but a fleſhy Fibre- alſo 
appeared as at NO Q, and this laſt appearance, I think, repreſents 


truly the internal original putz of which a 28 0 Fibre 1 is com- 
poſed. 


- Upon ſeeing this, I was able to ſatisfy myfelf as to the teaſon 
why. our fingers, arms, legs, and our whole bodies, while at reſt, 
do not lie in a right line, but ſomewhat bent, and, as it were, tend- 
1ng to the poſition they were placed in before we were born ; and, 
moreover, I think I can aſſign the reaſons of the motions of our 


| limbs, or rather the extenſions and contractions of our muſcles, 


namely, that when a muſcle is extended the fleſhy Fibres compoſing 
it have no wrinkles or folds, but when a muſcle is not extended, 

but contracted or thicker in figure, then each fleſhy Fibres full of 
wrinkles or folds. 


Fig. 2, ABCD EFGH is a fleſhy Fibre which, 5 38 


and compreſſing it, in order more plainly to diſcover the number of 


filaments of which ſo ſmall a Fibre conſiſts, I cauſed to open very 
much in its camponent filaments, and it gave the repreſentation of 
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— 


* 


( 7 

a vein with its ramifications: p this, to the beſt of my ability, I re- 

preſented in the drawing. Hence it plainly appears, even more 
clearly than I can exprefs, that the fleſhy Fibres are again compoſed 

of a great number of filaments. And at one time I ſaw a fleſhy 

Fibre, ſo accurately expanded and divided, that, in a ſpace a little 
broader than from B to H in the figure, I ſaw ſeventy of theſe com- 

ponent filaments lying together; whenre I concluded, that a fleſhy | 
Fibre no thicker (as J have before- mentioned) than the ninth part 
of a hair of my beard, contained in it an hundred filaments... Loften 
imagined that J could diſcern the Fibres, or, more properly ſpeak - 
ing, the yeſſels, of which the membranes in which theſe” fleſhy Fi- | 
bres are incloſed conſiſt : hence I gave farther ſcope to my imagina- - 
tion,” and I reaſoned thus; ſince we ſee that a large muſcle conſiſts . 
of ſo many thouſand fmaller ones, or Fibres, each incloſed within 
its proper membrane, and that every one of thoſe ſmall fleſhy. Fibres : 
is again compoſed of. ſtill 'ſmaller filaments, of which. its internal f 
ſtructure conſiſts, each of theſe filaments (one hundred of which go 
to making up a fingle Fibre) must be alſo a fleſhy muſcle, and may - 
contain within it many ſtill ſmaller filaments, .incloſed in a.diſtinct : 
membrane. For we ſee that the power and wiſdom of the Almighty 
Creator of the Univerſe, diſplayed i in the formation and aſſociation 
of the different parts Which compoſe his creatures, are ſo wonder- - 
ful and incomprebenfible, that the deeper we dive into the ſecrets of 
his created works, the more we are confounded and loſt : eſpecially | 
when we fee living creatures moving in the water of the ſimilitude 
of minute eels, as pictured at fig. 3, which yet, with all their com- 
ponent parts, are ſmaller than one of the filaments of which a fleſhy 
Fibre is compoſed; and, nevertheleſs, ſo minute an animalcule muſt 
neceflarily be furniſhed with'a fkin, nerves, muſcles, and other parts, 
all equally perfect as thoſe in a large animal. 

If any admirers of the fecrets of Nature ſhould deſire to in 
me in theſe my obſervations, J would adviſe them not to chuſe for 
that purpoſe a hot and dry ſeaſon, but rather a time when FM air 1 

1 


* 
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cook at moiſt ; for when theſe ſmall Fibres are diveſted of their 
membranes, and ſeparated or ſplit open, to diſcoyer. their component 
filaments, this operation muſt be performed as, expeditiouſly. ag 
poſſible (and even then it will often fail of ſucceſs); for the mois: 
ture of theſe fleſhy Fibres. will, by reaſon. of their thinneſs, 
quickly exaporate; and if that happens, the filaments of which the 
Fibre conſiſts will dry up and cohere ſo. cloſely, as to exhibit, the 
appearance of a fingle, uniform, and ſolid bright ſubſtance, E 

In my lateſt obſervations. reſpectin g the muſcle of a Hare, 1 
plainly £ ſaw how. ſome of the fleſhy Fibres, which were very, ſharp 
at the extremities, terminated ; in the membrane of a muſcle; ſome | 
again, at the extremities, terminated. 1 in a muſcular tendon... This 


muſcle I placed before a good microſcope;. in order to ſhew the 


fame to a, gentleman who. was viſiting me; but the muſcle being 
very ſlender, the moiſture of it ſoon evaporated, whence, in a ver 
ſhort time, the fleſhy Fibres. became ſo. cloſely joined, that, I could: 
not diſtinctiy ſee any one of them ſeparately, much leſs. could I 
diſcoyer the place where they were united t to. the tendan, or indeed 
the tendon itſelf. | 
Theſe, diſcoyeries, induced me to Topeat my former inquiries into: 
the nature, of thoſe Fibres. of which Fiſhes. are compoſed; and, 
upon examining „ ſeveral Parts af the codefiſh, 1. Judged that the 
moſt ſolid fiſhy Fibres. were in that part of the belly near the gills. 
Theſe Fibres being diveſted of their membranes, I faw, in them the 
ſame Gs foldings, and wrinkles, as I have before noted re- 
ſpecting the Fibres. of fleſh,; but they had not always the ſame- 
figure; for OS they appeared as fig. 4, BE CD. at; another 
time, as at FG; and, alſo; as, at, HI. Upon: cutting theſe Fibres. 
tranſverſely, 1 very plainly ſaw. the ends. af. thoſs multitudes. of 
filaments of which the inſide of a fiſiy Fihre is compoſed; I alſo, 
hut. very rarely, ſaw, on the tranſverſe cutting of theſe fiſhy Fibres, 
certain very bright lines or ſtreaks, as at A. I: debated in my mind, 
Whether theſe were veſſels deftingd for the nouriſhment, of thoſe 


f ad 3 

teraal. Slit or membranes, to incloſe them; but becauſe B 
verycrarely had a ſight of this appearance, L cannot ſay much re- 
ſpecting it. Theſe fiſhy, Fibres: are of very different fizes, ſo that I 
have ſoen ſome four times as large as others; and in one half the 
circumference; of ſuch a fiſhy Fibre,: I was well aſſured, I could 
count almoſt an hundred filaments; and fome of theſe fila - 
ments appeared to my eyes to he divided in their longitudinal po- 
ſition; as imme enen repreſented: between K and L; fo; that 
in the-circumference- of -one- fiſhy Fibre there were two hundred 
filaments,, And becauſe this number is great, even ber * 

1 eee to / make a computation of it. 
| To find the contents of a ole FOR its 


88 — 71. — 200 


200 Eknown cireumference, the rule of Archime- 
F rin 83 des: is, as 88 18 to 7, ſo- 18 the ſquare of the 
85 18099. cireumference of the circle to its contents. 
—— And, following this rule, we ſhall find the 
88) 280,000(35181 
nn contents to be 3, 181 filaments: 1 in a. ſingle 
fiſhy Fibre; 


| Nom ro can in imagination conceive ſuch an 83 
fible number of filaments: in one of thoſe: Fibres compoſing. the 
ſubſtance of a fiſh? And who can tell whether each one of theſe 
filaments may not be incloſed in its proper membrane, and contain 
within it an incredible number of ſtill ſmaller filaments ?. 

I have alſo examined the formation of tlie Fibres, as well in the 
bodies: as in the claws. of crabs, and I found them like thoſe in 
the cod-fiſh;. compoſed, of many ſmaller filaments, and with the 
like folds or wrinkles: as L before noted. Afterwards I examined 
the Fibres of a:ſhrimp, and found their formation to be ſimilar. 

Upon diſſecting the hind. leg of a frog, I found that the fleſh 
of it was, in like manner, compoſed of threads or Fibres, Which 
Fibres being divided aſunder, I perceived that each of them was 
eompoſed of a great number of ſmall filaments. But Becauſe the 
eircular folds or wrinkles in each of theſe Fibres were larger than 


Cu} 


thoſe T had ſeen in the component fleſhy Fibres of other animals, 
Il cauſed a portion of one of them to be drawn, as ſeen through 


the microſcope: this is repreſented at fig: 5, ABCD. The like 


folds or wrinkles I afterwards met with in the Fibres compoſing 
the ſmall muſcles in a lamb,” * out ot the oy near dhe 


hind leg. | is 


"Theſe folds or weinkbes 3 in' the fleſhy Fibres, notonty: SENG me- 
what is the reaſon why our limbs aſſume a bent poſture When the- 
muſcles are at reſt, but we may from hence certainly learn the 


reaſon why we can remain longer fitting than in a ſtanding poſ- 


ture, and why, when ſitting, we do not keep our arms: and hands 
fully extended or hanging down, but are always moving them 


about; for if they remained long in a ſtate of reſt, one muſcle 
would be too much extended, and another too much contracted, 


which would be repugnant to the natural diſpoſition of the muſ- 


cles. For the ſame reaſons, when we ſtand for any length of time, 
we do not remain ſupported on both feet, but firſt raiſe up one 


foot and then the other, ſo that the fore-part of one foot at a 
time touches the 1 and then the muſcles of that Hot are 
at reſt. 

I Was at firſt at a loſs 1 to conceive the 10 why ſome of the 
circular folds or wrinkles in the Fibres of fleth and fiſh, as in the 
figure EFG H and IK LM, they are reprefented; but when we 
recollect, that theſe Fibres are not round, becauſe they lie eloſely 
compreſſed together, then if we ſuppoſt one of thoſe Fibres ſepa- 
rated from the adjoining ones to be round, or in a ſhort time to 
aſſume a round figure, we may eaſily conceive how this comes to 


paſs: becauſe a fleſhy Fibre is compoſed almoſt one third part of 
a watery ſubſtance, which being ſoon evaporated, the internal part 


may be wrinkled or contracted in a bent or irregular form. Let 
us ſuppoſe fig. 6, ABCD E, to repreſent a fleſhy Fibre, which 
ſeparated from other Fibres, will be of a round figure, which by 
the evaporation. of its moiſture may loſe its round. ſhape and be 
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indedted-and-bent inwards; as /is:ſhewn at F; by which' means the 
£ olds or wrinkles which before were in hes ao lines wall now: 94 
come crooked, as appears between B and D. 8 
Jo purſue my obſervations on the Fibres which eschp l the FAA 
ſtance of animals, I endeavoured to inveſtigate the nature of thoſe 
in a flea, conſidering, that if I could diſcover it in the fleſſry Fibres 
and their filaments, we may be aſſured, that the ſame kind of for- 
mation prevails in all living creatures. And in this inquiry, I not 
once or twice, but very often, moſt clearly could ſee the fleſhy 
Fibres in the breaſt of a flea, in that part where the feet are joined 
to it; and I ſaw alſo in them the ſame circular folds or wrinkles as 
J have deſcribed to be in fleſhy and fiſhy Fibres. Some of theſe 
Fibres were thicker in the middle than at the extremities, as is re- 
preſented at fig. 7, AB CDE F GH, which is a fragment of a fleſhy 
Fibre taken out of the breaſt of a flea. Seeing this, I thought that 
the fleſhy Fibres in this minute animal, terminated in a point at the 
extremities, and were there united to the membrane or tendon of 
the muſcle, as I have mentioned reſpecting the fleſhy Fibres in an 
ox: and T alſo ſaw ſome of the folds or wrinkles like CF, but for 
the moſt part they were as at AB GH, and, at various times, I 
thought I ſaw that theſe Fibres were A N of many ſmaller 
Fibres or filaments. | 
I continued my obſervations, by examining the fleſh taken out of 
the feet of a flea, and I ſaw no difference between the formation 
and figure of the Fibres taken out of the breaſt and the feet, and 
I ſaw more than twelve of ſuch Fibres in the foot of a flea joining 
to each other, and alſo many ſmaller Fibres in which I could not 
diſtinguiſh the folds or wrinkles : theſe laſt I took to be exceeding 
ſmall blood-veſſels and nerves. 
J alſo took the fleſh out of the feet of mall flies and ſaw the 

fleſhy Fibres in them to be formed in the ſame manner as before- 
mentioned. 


The Fibres hi compoſe the ſubſtance of a whale, I alſo 
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found to be each incloſed in a membrane, and to be compoſed of 
Kill fmaller filaments; and with regard to the ſize of theſe fiſhy 
Fibres, each ſingle Fibre was no larger than in the ſmaller fiſſi; 
and indeed I have ſeen the Fibres in ſome cod-fifſh, eight times the 
Aire of thoſe in a halle | leming 

J alſo examined the component Vibres in the fleſh of à mouſe, a 
calf, and a hog, and found their formation to be the fame as be- 
fore deſcribed, namely, each ſurrounded with a particular mem- 
brane, and compoſed of ſmaller filaments : the Fibres in the fleſh 
of all theſe animals was of the fize I have before laid down, 
ſo that I may fay, the fleſhy Fibres compoſing the of an 
ox, are not, fingly taken, larger than thoſe which go to the ſub- 
ſtance of a mouſe, though, as I have computed, the one animal is 
thirty thouſand times the ſize of the other. lr 
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| On the Scales 25 cover the I of the Ain of the juman 
ems. ty and on the JOS of the Bones. | 


ITI E external ſurfa ce of our bodies is covered with minute parti- 

cles, which may properly be denominated Scales, placed in regular 

order beſide each other, but ſo minute that two hundred, or two hun- 

dred and fifty of them may be covered by a common grain of ſand, 
and, viewed by an ordinary microſcope, they appear as in Plate XV. 

Jig. 8, H. Many may wonder at the denomination of Scales, and 
_ conſider that word as only applicable to the covering of fiſhes. 
But I ſee no reaſon why we ſhould not aſſign that name to thoſe I 
am now deſcribing, as well as to the external covering of a trout or 
a carp, or even of a ſmelt, although theſe laſt are more than an 
hundred times leſs than thoſe of a trout or carp ; in like manner 
thoſe particles covering our own bodies, though ſome thouſand times 
leſs than a ſmelt's, may properly be denominated Scales, ſince they 
are ſuch in fact, and anſwer the ſame purpoſe on our bodies as 
Scales do on thoſe of fiſhes. Theſe Scales on.our bodies, as I have 
before ſaid, lie in exact order beſide each other, in like manner as 
in fiſhes ; and I not only could ſee that their ſhape was a figure of 
five ſales, but in many I could perceive parallel borders or ridges, 
which I imagined denoted the growth or increaſe of each Scale, as 
by a microſcope we obſerve in fiſhes. A drawing of one of theſe 
Scales, as viewed by the microſcope, is given at fig. 9, K; and this 
I judged to be a perfect Scale, which had been fixed in the ſkin 
at the end OP, and this part I always found to be not ſo broad as 
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the upper end. Many other Scales were not ſo long as this, nor 


their ſides ſo ſmooth, and theſe I judged I had pulled or broken 
off the ſkin before they had come to their perfect ſize and growth. 

Theſe Scales are - wonderfully thin, for I judged them to be 
twenty-five times broader than thick; and I alſo perceived, that 
they were placed in triple rows on each other; or, in other words, 

that our ſkin is covered with three layers of them, for only one 
third part of each Scale is viſible to the eye, and under it are, at 
leaſt, two other Scales, which are covered by it, as appears at 
fig. 11, M, the part of which marked 1, 2, 3, 4, is only viſible, the 
remainder. being covered by other Scales. That part of the Scale 
marked 3, I ſeldom perceived ſo ſharp pointed as here pictured; 

but as I conſidered this to be one of the moſt perfectly formed 
Scales J had met with, I copied its figure in the drawing. In 

fiſhes we alſo ſee, that while their Scales are fixed to their bodies, 


only a part of them is viſible to us. But whereas, fiſhes never caſt 
their Scales, at leaſt as J could ever obſerve, this is not the caſe 


with our bodies, for I myſelf have ſeen on my own body a thou- 
ſand Scales and upwards ſeparated from the ſkin and adhering to- 
gether; but when I pulled off any Scales ſticking to my ſkin, and 
which I conceived were newly formed, either an effuſion of blood 
followed, or a red ſpot appeared. I alſo took ſome Scales from the- 
ſkin of my arm, in a place where a ſcar had been left on my being 


let blood about twenty-five years ago, and I ſaw * of er | 


ſhaped as at fig. 10, L. 


J obſerved on many of theſe Scales certain tranſparent irregular. 


ſtreaks, which I have repreſented in ig. 11, M, and theſe covered here 
and there with round globules about a fixth part the ſize of a glo- 
bule of blood, and theſe are alſo repreſented in the figure; and 


theſe, I ſuppoſed to be occaſioned by exſudations from the body left 
upon the Scales. From this conſtruction of our external ſkin, I 


think, we may conclude that fleas, lice, and other inſects, do not 


„%% on wo 
2 much force t to inſert their ſtings, becauſe they! « can introduce 
them between the rows of Scales, and not ſtrike through the ſolid 
- ſubſtance of the Scales. 

Theſe: my obſervations, ſeemed to me to prove, that there are no 
particular pores in the external ſurface of our ſkins, but that the 
moiſture which proceeds from our bodies (particularly when we per- 
ſpire), may, at the ſame time, iflue in many places between each Scale, 
though the Scales appear firmly united to each other; and there 
may be between each of the Scales ſmall canals or ducts through 
which the moiſture may find a paſſage. Now, if we recolle& 
how many places there are which produce the Scales, and that in 
a ſpace covered by one Scale, there may be an hundred places 
through which the perſpirable matter iſſues; and again, that two 
hundred Scales, regularly diſpoſed, may be covered by a common 
grain of ſand, we may conclude, that there may be twenty thou- 
ſand paſſages in our bodies for perſpiration, in a ſpace covered by 
a grain of ſand, excepting only the places wherein the Scales are 


rooted, or from whence they grow. Hence it appears, that our 


bodies may be, as it were, one fingle pore throughout, while phy- 
ſicians are always talking of the pores of the body, as if there 
were in it particular holes or orifices for that purpoſe, and eſpeci- 
ally where they ſee a ſmall round drop of ſweat, not. conſidering 
the effect of the air, and that a ſmall portion of moiſture, iſſuing 
from many thouſand apertures, when preſſed * the air, muſt form 
itſelf into a globule. e ee 

J have ſeen a drawing, made by a gentleman of ſome eminence, 
repreſenting certain furrows in the inſide of the fingers and the hand, 
and publiſhed to the world as. indicating the pores of the ſkin; but, 
for my part, I never conſidered theſe furrows, either in the hands 
or feet, as containing particular pores or orifices in the ſkin, and I 
always perceived a leſs propulſion of particles from theſe furrows 
than from the places round about them; and, upon examination, we 
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ſhall find the ſcales which cover the ſkin placed more cloſely — 
ther in thoſe furrows than on the more elevated parts. And, for 


ſome time paſt, it has been my firm opinion, that the furrows or 


wrinkles on the inſides of our hands and feet, are only thoſe places 
where the external ſkin, by means of ſome ſtraight veſſels in it, is 
uncommonly cloſe and compa, as we ſee in ſome trees which have 


furrows or wrinkles in their bark, proceeding from the yeſlels of the 
wood, which furrows are not made to emit any moiſture from the 


wood, but only, as I imagine, to unite the bark more cloſely to the 


wood. For, as our external ſkin is only made to defend the parts 
within it, ſo the bark of a tree is appointed for the defence of the 
wood ; and as our external ſkin, when a new one is formed under 
it, peels off by pieces, ſo the bark of a tree, when the new bark is 
formed, every year breaks off, piece by piece, unleſs the old and 


new bark cohere too ſtrongly: and, in like manner as in our hands 
and feet there is a ſtrong coheſion of the old and newly formed ſkins, 
it neceſſarily follows, that, in the place where the coheſion is ſtrong- 
eſt, there muſt be wrinkles or furrows in the ſkin. 
LI examined the Scales on the inſide of my hand, and taken from 

that thick ſkin we call a callus, and I found the Scales to be of the 
ſame dimenſions with thoſe on the other parts of my body, but 
whereas thoſe are thin and tranſparent, theſe were covered with ſo 
many globules and ſtreaks, that they appeared compoſed of globules. 
But, as I have always found that not only the inſides of the fingers 


but all the inſide of the hand emits much moiſture, I conclude, that 
as the Scales on our arms and other parts of our bodies, when they 
have no nouriſhment fall off, ſo, on the contrary, though the Scales 


on the inſide of our hands and feet may want nouriſhment, they col- 
le& together in great numbers, and, by the moiſture of the parts, 


are ſo cloſely glued or coagulated together, and ſuch ſmall ſpaces left 
for the tranſpiration, that what appears a thick ſkin is formed; though 


in reality it is, for the moſt part, no more than a collection of Scales; 
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and this is ſtill more increaſed by hard manual labour, which in- 
creaſes the collection and coheſion of particles. 
_  Aﬀeer this I examined the outward ſkin of my moni; particu- 
larly my under-lip, and found this to be alſo covered with Scales, 
but ſomewhat larger, broader, and thinner than thoſe of the reſt 
of our bodies. Fig. 12, is a Scale of this deſcription, being one 
of the mott perfect I met with; theſe Scales were alſo covered 
with a greater number of ſtreaks; produced, as I ſuppoſe, in the 
manner I have mentioned above; and likewiſe with many very 
tranſparent globules, which are pictured in the figure. Another 
of theſe Scales, adjoining to the former, was of the ſhape repre- 
ſented at fig. 13. But theſe Scales were not placed as they are 
on other parts of our bodies, that is, three at leaſt on each other, 
which is the reaſon that our ſkins appear white, (for all tranſpa- 
rent particles, if laid looſe on each other, exhibit that colour ; ſuch 
as paper, froth, ſpittle, pounded glaſs, ſnow, and the like); but, 
on the contrary, the Scales on the lips, as far as I have been able 
to diſcover, only cover each other lightly on the edges, fo that the 
fleſh and the redneſs of the blood are ſeen: through the greateſt part 
of each Scale, and for this reaſon the inſide of the . and mouth 
are red. | 
After this, being e to inveſtigate the manner of the for- 
mation of the Scales on our bodies, I judged that theſe laſt men- 
tioned Scales, taken from the hps, would be the fitteſt for that 
purpoſe, becauſe they are more eaſily ſeparated from the ſkin be- 
fore they become dried, than on the other parts of the body. 
And, after repeated obſervations, I ſaw that almoſt all of them 
had in the middle a bright ſpot, riſing above the reſt of the Scale; 
which ſpot I had formerly thought was cauſed by accident ; and 
from hence I now concluded for a certainty, that not only the Scales 
on our lips, but alſo on our whole bodies, are formed, in like manner 


as the Scales of fiſhes, of veſſels, by which they are increaſed in 
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ſize ; and ir this is ſo, what ſhall we ſay of the perſpirable parts of 


our bodies? I have already mentioned, that perſpiration may be 


performed through the interſtices between the Scales, which muſt 
be in great numbers; but the veſſels compoſing the Scales will 
much exceed that number; for if theſe Scales are in — — 95 


growth, by the means of ſuch veſſels, then, by the continual m 


tion of the body and of the thin juices, the ——— matter 1 be 
expelled in great quantities through theſe veſſels: 


And, to make a computation of the almoſt infinite — nf 
theſe minute veſſels, I placed ſome of theſe. Scales, taken from the 


ſurface of the ſkin, near ſome grains of ſand, and I judged that 


the diameter of theſe grains was from ten to twenty times tlie dia- 


meter of thoſe Scales; and the Scales are, as before mentioned, 
placed in a triple row one over another. I will take, there- 


fore, the ſmalleſt number, and ſay, as I have before done, that 


250 250 Scales, can be covered by a grain of ſand. And 


500 ſuppoſing each Scale to be compoſed of 300 veſſels, 
125,000 then the perſpirable matter may be expelled through 


125,000 patlages, within the compaſs of a grain of ſand, 
beſides the orifices or outlets-it may find between the Scales. 
With a ſharp-pointed inſtrument I took from the arm of a Negro 
girl, about thirteen years of age, a ſmall portion of the upper ſkin, 
and found it to conſiſt of nothing but Scales, joined together 
as I have ſaid of my own ſkin; but theſe Scales were no ſo large, 
by reaſon, as I concluded, that the girl was not come to her full 


growth ; for an infant has as many Scales on its body as a grown 
perſon, and they increaſe with it in ſize. And I am certain, that 


though a perch, jack, or cod-fiſh, be no bigger than a joint of 
one's finger, their bodies will have as many Scales on them as when 
they are grown larger. On placing theſe Scales, taken from the 
Negro girl, before the microſcope, I found them not ſo tranſparent 
as thoſe on my own body; and in the place on her arm whence I 
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had taken them, 1 ſaw there was left a black ſpot. Theſe Scales 1 
conceived to be ſuch as were almoſt ready to fall off; for when I 
attempted to take others, which were firmly fixed in the kin, an 
effuſion of blood followed. When 1 placed two of theſe Scales 
one on another, they aſſumed a blackiſh colour; and we muſt not 
wonder, that when viewed ſingly through the microſcope they 
ſhould be tranſparent, and yet when on the ſkin appear black, for 
if ink, though very black, is placed very thin before the microſ- 
cope, it will only ſeem a little darker than common water ; and 
the ſame is the caſe with reſpec to black filks, for if a filament of 
ſuch filk, as thin as what is ſpun by the worm, is viewed through. 
the microſcope, it will appear, not black, but of a dark colour and 
alſo ſomewhat tranſparent. But many particles, laid one on another, 
although not wholly black, will appear fo to our eyes. And here- 
upon, finding that the blackneſs of Negroes 1s only cauſed by the 
Scales being of that colour, I was enabled to form a better judgment 
than I had before done ref pecting the appearance of children newly 
born, for they are almoſt always of a red colour, by reaſon that 
the Scales on their bodies, or only the firſt rudiments of them, are 
then beginning to appear; ſo that the blood is ſeen through the 
ſkin, giving it a red colour: and the ſame is the caſe with Negro 
children newly born, with this difference only, that they are of a 
deeper crimſon than our children. And I am certain, that as our 
children, by the growth of tranſparent Scales on their bodies, be- 
come white, ſo. the children of Negroes, by the growth of the 
Scales on their bodies become of a black colour. The only thing 
that puzzled me about this Negro girl's ſkin was, that on the in- 
ſide of her hands, and the bottom of her feet, the Scales form- 
ing that part called a callus were quite white; but an old lady in 
this town, who formerly lived in Brazil, and to whom the girl's 
grandmother had been a ſervant, told me, that this girl's parents 
were from Angola; and that though all Negroes are born red, and 
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by degrees acquire a black complexion, yet the inſides of their 


hands and the ſoles of their feet are always white ; whence I con- 


cluded, that the Scales on their hands and feet are tranſparent. 


I know that there are many men among us who think (and 1 


have heard ſome ſay ſo), that the blackneſs of the Negroes proceed 


from no other cauſe than their bodies being rubbed with ſome 
kind of oil. For, ſay they, when born they are of a red colour 
like our children. But in like manner as it is impoſſible - WM 
dye the wool or hair on the body of a ſheep, horſe, or other 


animal, fo that it ſhall retain the — becauſe the hairs or wool 
are continually falling off; ſo it is impoſſible to dye thoſe Scales 


that cover the ſkin, ſo as to remain black, becauſe they very ſoon 
drop off. And perhaps alſo the ſmall veſſels which compoſe the 
Scales on the bodies of Negroes may aſſume a black colour, where- 
by the Scales will appear ſtill blacker, as we ſee the veſſels in ſome 
of the coats of the eye are quite black, and I doubt not are ſo. 
formed to e the blackneſs in the coats they compoſe, 


ADDITION, BY THE 'TRANSLATOR. 


Tx peruſal of this effay calls to my recollettion a paſſage in one of Mr. 
Leeuwenhoek's Letters to the Royal Society, not inſerted in his works, 
but printed in the Philoſophical Tranſactions; in which, treating of the 
callus on the hands and feet, Mr. Leeuwenhoek confirms what he has here 
laid down, that a callus is only cauſed by great numbers of Scales heaped 


on each other. And he alſo obſerves, that on waſhing and afterwards wip- 


ing his hands, he was ſurprized at the great number of Scales which con- 
tinually came away. Hence we may gather the reaſon why, if the hands 
are ſtamed with any thing {ſuch as the juice of walnut peel) which will 


not immediately waſh off, the ftain in a ſhort time wears away: and why, 


in a long ſeceſſion from labour, the hands become fmooth and ſoft, foraſ- 


much as the diſcoloured and concreted Scales fall off, and are replaced by 
new ones of the natural colour and conſiſtence. | 


5 


( " . 


"x HAVE made many eher tions to dſbover the zeal formation 
of the Bones, and in my lateſt obſervations on the ſolid part of an 
ox's thigh Bone, I plainly faw that it conſiſted of four different 
kinds of tubes, running lengthways in the Bone, the leaſt of which 
are ſo ſmall, and lie ſo cloſe together, that they cannot eafily be 
diſtinguiſhed in a Bone cut tranſverſely ; and even if the Bone is 
cut with the ſharpeſt knife that can be had, nothing will be ſeen 
but the appearance of globules ; but if the Bone is ſplit or cleft, 
ſome fragments will be broken off 1 in which thoſe ſmall tubes will 
be perceived. 

The next kind of rites (fine of which are four, ſome fox times 
larger than the former) are likewiſe not eaſily diſcovered; becauſe; 

let the knife we cut them with be ever ſo ſharp, the hardneſs of the 
Bone will cauſe many pieces to be broken off, which, for the 
greateſt part, will cloſe up or conceal the mouths or openings of 
thoſe tubes. 8 
The third ſort of tubes, which are much larger than the laſt, 

will become ſo ſtopped up in the cutting with a knife, that it will 
be difficult to diſcover their cavities ; but I have obſerved theſe tubes 
lying diſpoſed in ſuch a manner, that I was well aflured a circle of 
thoſe tubes formed every new concretion or addition to the Bone, 
almoſt in the ſame manner as I have laid it down in regard to the 
growth of timber, by the addition of a cirele or ring of tubes, 
formed in. the growth of the wood; and eſpecially when I ſay; 
that in a ſmall ſpace from thenee, another circle of tubes was: to 
be ſeen. 

The fourth kind of tubes, fill Wb! larger than the laſt preced- 
ing, were fewer in number, ſo that often, in the ſpace of three or 
four grains of fand, I could not ſee one of them. 

I have made as exact a drawing as poſſible of a ſmall particle, 
taken from an ox's thigh Bone, as the ſame appeared to me through 
the microſcope, and which is ſhewn at fig. 14, ABCD. This 
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fragment, to the naked eye, appeared no larger than the ſhot, 
g. 15. EF G is the ie of a fmall ene to en this Py” 
ment of Bone was fixed. 


The firſt and ſmalleſt ſort of the tubes I have PAR defcribing 1 
could not obſerve in this fragment; becauſe, when the Bone is“ 


thus cut, the ſmall tubes appear lying together in a eonfuſed man- 
ner, like irregular globules ; the ſecond ſort of tubes I have repre- 
ſented in the figure, and theſe often appear like dark ſpots, becauſe 
their orifices are ſtopped up in cutting the Bone, and are more dif- 


ficultly diſtinguiſhed when. the knife does. not divide them accurately: 


by a tranſverſe ſection; for if the ſection is ever ſo little oblique, 


it is impoſſible to diſcover them. This ſecond ſort of tubes are 


repreſented at letters HH H. 


The third ſort of tubes I have repreſented: at 1 I Ls this third 


fort E have not only ſeen adj oining each other in circular order, 


2 alſo in a different order, in like manner as the large veſſels in 
0 


od. 


is not ſharp enough. 
Befides the four ſorts of tubes before ND PORE 1 lengt- 


ways the ſubſtance of the Bone, I often imagined I faw ſome tubes 


taking a contrary courſe, and which ſeemed to me to proceed from 


the internal part, and terminate at the ſurface of the Bone; and 


I alſo thought that theſe were of two ſizes, the leaſt which I alſo 


imagined, were analogous to the ſmalleſt of thoſe tuen which lay 
lengthways in the Bone. 


The reaſon why I could not truly perceive the tubes proceeding 
from the cavity to the circumference of the Bone was, I think, 
this, that theſe tubes were far diſtant from each other;. and, indeed, 
I thought that one tube lay among the longitudinal ones, as if an 


The fourth ſort of tubes, which are very large in compariſon : 
with the former ones, is pointed out by the letters K K. The 
curved line L, and that at M, are cracks in the Bone, made by the 
edge of the knife, which often happens, eſpecially when the knife ; 
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opening had been made there for it. And though I could not be 
quite certain as to my ſeeing theſe tubes, I do not doubt that there 
are a great number of them in the Bone; and the rather, as I 
think it is to be noted, that the membrane covering the Bone is 
chiefly formed out of theſe veſſels, and that it is alſo ſupported by 
them. And of this we cannot doubt, when we obſerve, that ſome 
trees have very ſmall veſſels diſperſed among the perpendicular veſ- 
ſels, and by means of which the bark is chiefly compoſed. 

And in like manner as we cannot with certainty point out the 
formation of the bark in the tree, becauſe it is formed every year 
out of the horizontal veſſels; ſo (according to my hypotheſis), we 
are never likely to draw any other concluſion, than that the mem- 
branes covering the bones, receive their growth and nouriſhment 
from certain veſſels which proceed from the cavity to the circum- 
ference of the bone, and there continuing to grow, are changed 
into thin and ſoft veſſels, which protect the bone, in like manner 
as we obſerve the bark of trees are formed out * the wood, and 
defend it from external injury. | 

I know that many think the origin and nouriſhment of the bark 
of trees depend upon the root; but if it was ſo, we ſhould obſerve 
thoſe parts of the bark next the root to be very thick, and towards 
the upper part of the tree to grow thinner, and ſpread into branches, 
in like manner as we ſee the arteries ſpread from the heart, and the 
nerves from the brain; whereas, in the veſſels forming the bark of 
trees, they are the ſame in the upper parts as about the roots, and 
what is more, the veſſels in the bark of divers trees, and eſpecially 
the birch, cherry, peach, and gooſeberry, do not take an upward courſe, 
as in the oak, ath, elm, filbert, apple, and pear trees, but run only to 
the ſurface round about the tree; and as the barks of trees whoſe veſ- 
dels mount upwards every year, increaſe in thickneſs ; for when a tree 
increaſes in thickneſs, then the external part of the bark divides 
in fifſures, and the old and dead bark adheres to the new; and for 
this n the older trees are, the thicker their bark, though only 
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a ſmall part of the bark is alive, and that is what is next to the tree. 


But the caſe is otherwiſe, with regard to the bark of trees, where 
the veſſels forming it, take a circular courſe round the tree; for 
when the trees increaſe in ſize, theſe veſſels cannot ſeparate aſunder, 
but break; whereupon, the old bark is ſeparated from the new 


and falls off, for which reaſon, ſuch trees have always a hn bark, 


and this is plainly to be ſeen in the birch. 

And in like manner as it has been ſaid, that the ports of trees 
are formed and nouriſhed, not from the root, but the wood, and 
that for the ſame reaſon, the bark is not formed in branchings. The 
ſame I alſo conſider to be the caſe, in the production and nou- 
riſhment of the real ſkin of our bodies, which is covered by an 


upper ſkin compoſed of Scales; for having examined the ſkin of ſe- 


veral animals,. I obſerved, that in its texture it was not produced ir- 


regularly, but I muſt confeſs, that the texture of the true ſkin was, 
throughout, an entire uniform body; and I alſo imagined, that all 
the veſſels (excepting the arteries, veins, and nerves), of which 


our true ſkin is compoſed, do run one among another in a wonder- 


ful manner to form a ſkin which ſhall be of extraordinary ſtrength ; 
and that at length they grow thinner and thinner, till at their ex- 
tremities, they form Scales, with which the ſkin is covered, and then 
theſe very thin veſſels have no other termination than by being 
formed into Scales, ſo that each Scale conſiſts of as many veſſels as 
there were extremities compoſing the Scale, and thateach Scale re- 
mains united to the veſſels until a new Scale is formed under it. 
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On the calcareous ſubſtance which is found in the excreſcences on the 
limbs of gouty perſons, and commonly called Chalk-stones, with 
the Author's opinion reſpecting the poſſubulity of dyſolving the ſalts 


_ found therein; and alſo on the cure of the Gout, by burning with 
ths Moa of the  Cmneſe. 


IgE 


A caddie nde Soy Many ben, ths , unt 
having made an inciſion in the heel of his foot, took out thence a 
quantity of that ſubſtance which phyſicians call Calx, or Chalk, and 
ſome of this being put into my hands, I found, upon examination, 
that it was compoſed of ſmall irregular particles, reſembling a heap 
of grains of ſand: viewing theſe by the microſcope they appeared 
of a very dark colour, and each particle to be compoſed of a great 
number of oblong and tranfparent figures, which cannot better be 
deſcribed than by a parcel of cuttings of horſe-hair, with each ex- 
tremity terminating in a point. I judged theſe to be ſo ſlender that 
many thouſands of them would not be ſo thick as a hair of one's 
head. I have made a drawing of theſe, in order to ſhew the pro- 
portion of their length with their thickneſs, as may be ſeen at fig. 16, 
A, Plate XV. I ſaw many parcels of theſe particles lying in very re- 
gular order, as at B, and though I cannot ſay that they were fo diſ- 
poſed throughout the whole ſubſtance, yet I believe they were ori- 
ginally formed in regular order of two, three, four, or more of them 
placed together. Theſe ſmall pieces of gouty Chalk I not only ſpread 
about, but alſo feparated ſome of the above minute component parts, 
and I ſaw ſome of them lie in the poſition described at B, but many 
of them without any regular order, as at C. I alſo ſaw ſome of 
them not above half, or one third part, or a quarter the length re- 
preſented at A, but as repreſented at D; though I do not think this 


"> 


SS AA 


* 


9 > 4 =_ \ 3 . 
— 2 — — I .. .-- .  - "ER — 
. Po — — = 2 
1 3 0 c ES ä 
2 ̃ ˙ͤnan— , «7˙§⅛[a nr = —nornxrvn=y . EI RT — 
TA 42 Nr 2 „ bps. 2 OE N my by. © 0h o 4 4 ber 


= Os 2 


. 2 8 — 
«4 „ ERIE 2 


” : = 
wt 2 
& — — 
— — _ — Ls 
= — — — — —— . = 


5 oat \ 
=_ \ \ 4 
— 2 — © * — a * ed 8 7 88 = - 2 * — * 
DU IE. > > -— IJ - e PG + - . LITE _ A * — 
r =; IN ——  —— - a 0 3: IE LE * 2 Ic. A 
AE" den a ==<. "= — = <= TE ELICRTIR — =I: . — 
r UI YR , + iS a 1 2 . n *. 
fear —— — —— 
2 - 
+ 


— - 
be a *. — 4 8 — n TY 
—— =y — — 2 * i 
r ED n * e wa 
— - bh — . 
9 2 — . ˙— - §⏑—˖» 7a 
— * 8 


6134) 


was originally their length, but that they were the fragments of | 


particles which had been broken in the- handling. Among them, 


alſo, were ſome irregular particles, which I etna to be — 


of blood, mixed with the gouty matter. | 
Being deſirous to purſue this ſubje& farther, and to examine whe- 


ther, by boiling the chalky ſubſtance in water, I could diſcover any 
acute ſaline particles paſs from it into the water, I procured ſome 
newly taken out -of the finger of a gouty perſon. This Calx was 
very white, and of a tough and gummy conſiſtence. | 


Upon ſpreading this upon the ſurface of a new glaſs, I 'obſerved 
ſome globular parts lying in a tenacious or gummy kind of ſub- 


ſand, and others adjoining to them only ene twenty-fifth part of that 
ſize. The viſcous matter was very tranſparent, mixed with many 


very minute tranſparent globules and oblong ſaline particles, many 
of which, viewed through a common magnifier, appeared like the 
fragments of a man's beard of a week's growth, others ten times 


thinner and one third the length; in a word, of many ſizes, as well - 


in length as thickneſs. 
Having ſcattered ſome of this ſubſtance on a very thin piece of 
glaſs, I placed it before the microſcope, directing the limner to make 


a drawing of it as it appeared to him, in order to give the reader. 


ſome idea of the nature of this calcareous matter, and which is re- 
preſented at fig. 17, IKLM. The whole of the globules here 
ſhewn, and the reſt of the ſubſtance, were not altogether the ſize of 
a ſmall grain of ſand. In the figure is alſo to be ſeen the very mi- 
nute ſaline particles T have mentioned. 

I then endeavoured to diſſolve this calcareous 8 in clean 
rain water, and for that purpoſe put it into a new glaſs, and ap- 


plied ſo ſtrong a fire to it that the water boiled. I then again ex- 
amined it, and ſaw the globular parts, which were. of different ſizes, 
and among which ſome of the oblong particles before mentioned 
.could be diſtinguiſhed, adhere as firmly together as if the water had 
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never been heated. Theſe minute oblon g ſaline particles were read 
in ſuch quantities in the water, that a did not think any of them 
had been diſſolved in it. 
Ii let this water ſtand for a time, in order to ſee whether the par- 
ticles which gave it a whitiſh colour would fink to the bottom; but 
the water remained turbid, and when I ſuffered it to evaporate, there 
were ſo many minute particles left, that the whole ſubſtance * 
peared white. 

This water, wherein I had ſo boiled the legs matter, I kept 
in my cloſet during the whole winter, and then again examining it, 
I ſaw the thin oblong particles before mentioned (which I judged to 
be fixed falts) lying in as great abundance as if the Calx had n 

newly extracted from the perſon's body. 
From theſe obſervations, I concluded, that this calcareous ſub- 
ſtance, when in any part of a human body, cannot, t, by any medi- 
cine, be diffolved.. 

A small quantity of this Calx or - Chalk, taken from the ſame per- 
ſon, I put into a ſmall box well cloſed, and kept it for ſome months 
in my cloſet, I then put it into a new glaſs, and gradually expoſed 
it to ſo fierce a fire, that the glaſs became red hot: I then perceived 
that, by the force of the fire, a thin pellucid liquor was extracted, 
and many globules of a yellow colour, but many of them afterwards, 
uniting together, exhibited a red appearance; but as ſoon as the co- 
ver of the glaſs, to which the thin tranſparent liquor and oil adhered, 
began to cool, all the liquor coagulated in an incredible number of 
ſaline particles, moſt of which were twenty-five times longer than 
broad, and were of various ſizes, both ends terminating in points, 
as repreſented at fig. 18, AB C. 

The oil which by the fire was extracted from this ſubſtance, and which 
while warm was a liquid, I ſaw was now changed into a ſolid ſub- 
ftance, which I concluded was certainly occaſioned by the multitude 
of ſaline particles coagulated.in it: -theſe particles in the oil were 
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much ſmaller than che r 3 but for the moſt part of the 
fame ſhape. 

I placed the glaſs to which theſe phribitbs adhered i in my elofſet, 
to ſee whether the particles, when the weather was rainy and the 
air damp, would not diffolve into a thin and pellucid liquor, and after 
twenty- ſix hours had elapſed; I faw their figures were all changed, 
for they were not only become ſhorter but aſſumed an irregular 
ſhape, nor did I ſee any faline particle which was not furrounded 
with ſome tranſparent liquor, and the oil itſelf was become thin and 
fluid. 

After a few days I "_ inſpe@ed the glaſs, aha then I faw al 
the ſaline figures changed into a thin tranſparent Aud l With 
_ ſmall irregular and round particles. 

But what appeared principally worthy of notice in theſe my ob- 

ſervations was, that among ſo many ſaline particles there appeared 
none of the ſhape of our common ſalt, that is to fay, fourTqunre, 
or whoſe baſis was four-ſ; quare. 
Dbpon the burnt aſhes or caput mortuum of this calcarevus mat- 
ter, I poured ſome fair rain water, that if there were any fixed ſalt 
in the aſhes, it might be mixed with the water; and having well 
ſtirred the whole together, and left them to ſtand until the water 
became clear, I then took a little of the water and expoſed it in 
my ſtudy to the air, which was then damp, and ſoon after I ſaw 
in it a great number of thin flat ſaline particles of various ſizes, 
Which, for the moſt part, were of the fe bs ee at tg. 
n 

1 twice touched this water with my tongue, and was ſurpriſed 
at the great ſaltneſs which ſo ſmall a portion of the aſhes had im- 
parted to the water : but the taste of this ſalt was not like that of 
common falt, this being very aſtringent. I five or fix times 
breathed' on this fixed falt, and then I perceived moſt of the ſaline 
particles become liquid, but as ſoon as the moiſture of my breath 
was evaporated, they again concreted in irregular figures, 


* 


C18 J | 

2i N ſothetimen obſerved, upon ſpreading the water very, thin, a 
3 number of thin oblong particles gathered together, of the 
ſame figures as I had ſeen the minutest particles of the calcareous 
matter when taken out of the perſon's ſinger; but I thought, if 
there had been more water, thoſe — would have been larger 

and flat. 7 
LI often penn theſe e to ſee whether I cd af: 
cover any thing in this ſalt bearing an affinity with our common ſalt, 
but with all my attention, I never could coe any particles ſimilar 
to thoſe of common ſalt. 

I again examined the water in which ſome of ies enlearcons 
matter had been boiled, and which had remained infuſed in it a 
whole winter, and though it was thick and turbid, I difcovered in 
it an incredible number of minute particles, which all appeared 
round, nor did I diſcover any other ſaline figures than what are 
in common rain water, except that at one time I faw two ſaline 
| figures in a place where the water had ſtood deeper than the back. 
of a knife, but was now almoſt vhs He theſe are ſhewn at 
fig. 20, G and H. 

Upon the whole, we may en that the falt of which the 
calcareous matter in the limbs of gouty people does for the moſt 
part conſiſt, is of ſuch a hard and tough ſubſtance, that though it 
be boiled, or ſuffered to remain in water a long time, the ſaline 
particles it contains will ſcarcely, if at all, liquefy or be diſſolved: 
and hence we may conclude, as before mentioned, that it is im- 
poſſible for phyſicians or ſurgeons to diſſolve, diſcuſs, or diſſi pate 
thoſe knots or ſwellings which ariſe in the joints of gouty people, 
and are commonly called Chalk Stones; by any kind of plaiſter or 
fomentation ; but that the only thing which promiſes any ſucceſs 
in this way, muſt be by burning the part in the manner practiſed 
by the Chineſe, who for this purpoſe uſe what they call Moxa. 


This is a certain preparation uſed in the Eaſt, and mentioned by 
Vor. II. S 


( 18.) 


H. Buſchoff, a writer on the ſubje&, in 1 theſe words: Moxa is 


a ſoft woolly ſubſtance, prepared with great art, from a certain 
60 « dried herb;- the name of the herb I know not, but I do not 
doubt that it is one of the moſt excellent in all the world. 


No druggiſt or apothecary in all Europe knows the manner of 


«« preparing Moxa, but the art of doing it, is held in ſuch eſtima- 


** tion by the Chineſe and J apaneſe, that they will not. ſell the ſe- 


e cret to other nations at any price. 

My opinion upon the ſubject is, that Moxa is only an excreſ. 
cence on ſome fruit, like the woolly ſubſtance on peaches, and 
ſome other fruits ; (and Wilhelm ten Rhine, another writer on the 
ſubject, ſays, that it is the woolly part of a leaf) and I have at 
times collected divers woolly ſubſtances, which are found on ſome 


leaves and fruits, and burnt them, particularly that wool which falls 


from the poplar tree ; this, at firſt ſight of it, I hoped would take 
fire very readily, and I thought the ſame of the wool produced by 
the willow, about the beginning of June, which is of a more in- 
flammable nature than what is gathered from the poplar. But I 
do not as yet know of, nor have found any vegetable woolly ſub- 
ſtance, which burns with ſuch facility as cotton; therefore, I 


would recommend it to thoſe who are afflicted with the Gout, and 


deſire to try the experiment of a cure by fire, and cannot pro- 
eure Moxa for that purpoſe, to uſe cotton, which may be had in 


plenty. I have alſo tried the experiment of burning with com- 
mon tinder made from linen; but this burns ſo fiercely, and pene- 
trates ſo deep, that I believe the uſe of moxa or cotton ten times, 
would not burn ſo deep as one ſingle application of common 


tinder. 
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þ  Appretox, BY THE TrAxSLATOR, 


Ir may not be unacceptable to the ade, to ſee what has been ſaid on 
this ſubject by Sir William Temple, who was cotemporary with our author, 


and one of the moſt eminent perſons of his time. He himſelf tried the 
application of Moxa in a fit of the Gout, and the following is an extract from 


his Miſcellanea, in his Effay on the Cure of the Gout by Moxa. 

“Being in the ſeven-and-fortieth year of my age, at the Hague, about 
« the end of February, one night at ſupper, I felt a ſudden pain in my 
& right foot, which, from the firſt moment it began, increaſed ſenſibly. I 
« went to bed, but it raged ſo much all night, that I could not ſleep a wink. 
J endured it till the next morning, and then making my complaints and 
ce ſhewing my foot, they found it very red and angry, and to relieve my ex- 


_ © tremity of pain, began to apply common poultices to it, and by the fre- 


« quent change of them I found ſome eaſe, and continued this exerciſe all 
« that day and a great part of the following night, which I paſſed with very 
< little reſt. The morning after, my foot began to ſwell, and the violence 
« of my pain to aſſuage, though it left ſuch a ſoreneſs, that I could hardly 
< ſuffer the clothes on my bed, nor ſtir my foot but as it was lifted. 

« By this time my illneſs was concluded to be the Gout, and among many 
« other friends who came to ſee me, Monſieur Zulichem paid me a viſit, 


and in talking of my illneſs, he aſked me whether I had ever heard the 
Indian way of curing the Gout by Mora. This Moxa, he faid, was a 
„ certain kind of moſs that grew in the Eaſt Indies ; that their way was, 


« whenever any body fell into a fit of the Gout, to take a ſmall quantity of 


eit, and form it into a figure, broad at bottom as a two-pence, and pointed 


« at top; to ſet the bottom exactly upon the place where the violence of the 
« pain was fixed, then with a ſmall round perfumed match (made likewiſe 
< in the Indies), to give fire to the top of the moſs, which burning down 
by degrees, came at length to the ſkin, and burn it till the moſs was con- 
„ ſumed to aſhes. That many times the firſt burning would remove the 
« pain, if not, it was to be renewed a ſecond, third, and fourth time, till it 
«© went away, and till the perſon found he could ſet his foot boldly to the 
« ground and walk. This operation Monfieur Zulichem ſaid, he became 
* acquainted with by the relation of ſeveral who had ſeen and tried it in the 
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% Dutch miniſter at Batavia, who being extremely tormented with a fit of | 
te the Gout, an old Indian woman coming to ſee him, undertook to cure 3 
ce him, and did it immediately by this Moxa; and after many experiments 
« of it there, he had written this treatiſe of it in Dutch, for the aſe of his 
e countrymen, and ſent over a quantity of the moſs and matches to Utrecht, 

« to be ſold, if any could be perſuaded to uſe them. 


cc 
cc 
cc 


cc 
cc 


cc 


cc 


Rs © * 


cc 


cc 


cc 


cc 
cc 
ce 
cc 
cc 


&c 


cc 


Majeſty's x commands, to aſſiſt at the treaty there, Moſt of the ambaſ- 'Y 
ſadors from the ſeveral parts of Chriſtendom were upon their way, one of 


diately to follow. This made me ponder on Monſieur Zulickem's new 


ately made the experiment in the manner before related, ſetting the 4 : 


which was the joint of the great toe, and where the greateſt anger and _ Y 


it the ſecond time, and upon it obſerved the ſkin about it to ſhrink, and 


much greater within, for I ſtirred the joint ſeveral times at eaſe ; and. 
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Indies; but particularly by an ingenious little book written of it by a 
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*© I had always heard that a fit of the Gout uſed to have fix weeks at the 
leaſt for its ordinary period, a delay very diſtreſſing to one in my ſitua- 
tion, for I was at that time preſt in my journey to Nimeguen, by his 


my colleagues was already upon the place, and I had promiſed imme- 3} 


operation; and upon reflecting how many cures have been performed 
by fire, I reſolved upon making the trial, and diſpatched a meſſenger to : 
Utrecht to bring me ſome of the Moxa, and learn the exact method of Þ 
uſing it from the man that ſold it, who was ſon to the miniſter at Bata- = 
via. He returned with all that belonged to this cure, having performed AI 5 
the whole operation upon his hand, by the man's direction. I immedi- 3 


Moza juſt upon the place where the firſt violence of my pain began .Y 


ſoreneſs ſtill continued, notwithſtanding the ſwelling of my foot ; ſo that 
I had never yet, in five days, been able to ſtir it, but as it was lifted, 

Upon the firſt burning, I found the ſkin ſhrink all round the place: 5 
and whether the greater pain of the fire had taken away the ſenſe of a 
ſmaller or no I could not tell; but I thought it Jeſs than it was: I burns . 
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the ſwelling to flat about it more than at firſt. I began to move my toe, 
which I had not done before, but I found ſome, remainders of pain. 1 
burnt it the third time, and obſerved ſtill the ſame effects without, but a. 1 


growing bolder, I ſet my foot to the ground without any pain at all. 
After this I purſued the method preſcribed by the book, and the author's . 


* King Charles II. 15 | 1 
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6 fon at Utrecht, and had a bruifed clove of garlic hid to the ini that 


was burnt, and covered with a large plaister of diapalma, to keep it 


fixed there; and when this was done, feeling no more pain, and tread- 


ing ſtill bolder and firmer upon it, I cut a ſlipper to let in my foot, ſwel- 


led as it was, and walked half a dozen turns about the room, without 
any pain or trouble, and much to the ape of ou! that were about 
me, as well as to my own. 


For the pain of the burning itſelf, the firſt time it is rd ſo that a 
man may be allowed to complain: I reſolved 1 would not, but that I 


would count to a certain number, as the beſt meaſure how long it laſted. 


I told fix ſcore and four, as faſt as I could; and when the fire of the 


Moxa was out, all pain of burning was over. The ſecond time was not 
near ſo ſharp as the firſt; and the third was a great deal lefs than the 
ſecond. The wound was not raw as I expected, but looked only ſcorched. 


and black; and I had rather endure the whole trouble of the operation, 


than half a quarter of an n hour” 8 Fan in the degree I felt it the firſt Whole 
night. 


« After four-and- twenty hows T had it opened, and found a great bliſter 


drawn by the garlic, which I uſed no more, but had the bliſter cut, 
which run a good deal of water, but filled again by next night; and 
this continued for three days, with only a plaiſter of diapalma upon it : 
after which the bliſter dried up, and left a fore about the ſize of a two- 
pence, which healed and went away in about a week's time longer; but I 

continued to walk every day, and without the leaft return of pain, the 
ſwelling growing ſtill leſs,. though it were near fix weeks before it were 
wholly gone. F favoured it all this while more than J needed, upon the 


common opinion, that walking too much might draw down the humour; 
which I have finee had reafon to conclude a great miſtake, and that if I 


had walked as much as I could from the day the pain firſt left me, the 


ſwelling might have left me too in a much leſs time. 


<< I paſſed that ſummer at Nimeguen, without the leaſt remembrance of 
what had happened to me in the ſpring, till about the end of September, 
and then began to feel a pain, I knew not what to make of, in the ſame 


Joint, but of my other foot : I had flattered myſelf with hopes that the 


vapour had been exhaled, as iny learned authors had taught me, and 


that thereby the buſineſs had been ended: this made me neglect my. 
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«© Mora for two days, the pain not being violent ; till at laſt my foot began , 


to ſwell, and I could ſet it no longer to the ground. Then 1 fell to my 
« Mora again, and burnt it four times before the pain went clear away, as 
c it did upon the laſt ; and I walked at eaſe as I had done the firſt time, 


<« and, within fix days after, about a league, without the leaſt return of 
ce my pain. 


« ing again the ſame pain, and in the ſame joint, but of the firſt foot; 


and finding it grow violent, I immediately burnt it, and felt no more 


< after the third time; was never off my legs, nor kept my chamber a 
«© day. Upon both theſe laſt experiments I omitted the application of gar- 
c lic, and contented myſelf with a plaiſter only of diapalma upon the 
6 place that was burnt, which cruſted and healed. 1 in a very few days, and 
* without any trouble. 

« I have ſince continued perfectly well to this e J une, and with fo 
ce much confidence of the cure, that I have been content to trouble myſelf 
c {ome hours with telling the ſtory, which, it is poſſible, may at one time or 


other be thought worth making public, if I am further confirmed | 


< by more time and experiments of my own or of others. But this cure, I 
«© ſuppoſe, cannot pretend to deal with inveterate Gouts, grown habitual 
« by long and frequent returns, by diſpoſitions of the ſtomach to convert 
even the beſt nouriſhment into thoſe humours, and the veſlels to receive 
15 them.“ 

Thus far Sir William Temple : to REN may 15 added, a remark made 
by Dr. Henry Bracken, an eminent phyſician j in his time : he obſerves, that 
the averſion men have to endure pain prevents their experiencing many 
great cures which might be performed by fire; and adds, that he knew an 
| Inſtance of an obſtinate ſciatica, or hip gout, cured by a reſolute uſe of 
cauſticks : this application approaches the neareſt to atual-fire, and perhaps 


the fire of Moxa may be of ſo mild a nature as to be next in degree to a 
_cauſtick, 


— 


I continued well till this ſpring, when, AY about the wa" of March, feel. 
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On the nature of Stones in the Bladder, and Gravel in the Kid- 
neys, and the Author's exammation of the question whether the 
Same © can by any means be broken or dissolved. 


| A VALUABLE friend * mine, the late eminent l 
Huygens, ſometime before his death, did frequently, both in con- 
verſation, and in his letters to me, expreſs a great deſire to know 
the reaſon why the Stone in the bladder produces ſuch great pain, 
and J having the ſame deſire of enquiring into the nature of thoſe 
Stones, procured ſome of them for my examination. 

[ put one of theſe Stones, which weighed about the fiſty- eighth 
part of a pound weight, into a new glaſs, to which I applied ſo 
great a heat, that the ſalt and oil were in part expelled from the 
Stone, when the glaſs broke; I thereupon put it into another glaſs, 
and by the application of fire, I drew off the remainder of the falt 
and oil. Upon this I poured rain. water, and I obſerved that they 
immediately united with the water. This mixture J suffered in part 
to evaporate, and then I discovered in it an incredible number of 
wonderfully minute ſaline figures, ſo ſmall indeed, that a mil- 
lion of them would not equal a grain of ſand ;. and with all my 
attention, I could not discover their exact ſhape, for the water or 
the particles in it impeded my view: however, I was perſuaded 
they had four ſides. I alſo examined ſome ſaline particles which 
adhered to the head of the glaſs, and I ſaw many of them to be 

thick and broad in the middle, and the ends terminate in a point. 
I alfo examined the veſſel in which I had put a little of the ſalt and 
oil, and here, beſides the before-mentioned figures, I ſaw ſome ſa- 
line particles like fig. 21 and 22, and ſeveral like fig. 23, each of 
them with a riſing on the back, and all tranſparent like cryſtal. 


( 144 ) 


I kept this water in my ſtudy for ſome days, frequently locking 
at it, and I always found that much of the liquid, as it ſeemed to 
my naked eye, did not evaporate; and at length I faw many fa- 
line particles in it like fig. 23; but theſe, except a few, were ſo 
very ſmall, that they could. not be. diſcoyered without great at- 
tention. * 5 ä 

Moreover, I poured rain 1 water on x "the caput mortuum or aſhes, 
having firſt pounded it ſmall, in order to extract the, fixed falt. I 
ſuffered this water in part to evaporate, and I diſcovered in it an 
incredible number of minute ſaline Particles. which in many 
places were collected or coagulated together in great numbers, and 
yet retained their particular figures: this collection or coagulation 
of particles, bore fome reſemblance to the figures of ſun flowers, 
ſo that in them I could not diſcover the ſaline particles, unleſs at 
the edges, where they repreſented the leaves of the flowers, as is 
ſhewn at fig. 24. In other places the ſaline particles lay in an irre- 
gular manner on one another. 

I faw alſo many fingle particles, of the ſhape ſhewn at FRE 25, 
all their extremities terminating in points. Upon keeping my 
eye long fixed upon a place where only ſome few ſmall particles 
of water lay, the heat which my touch occaſioned, (the air be- 
ing then moiſt), cauſed a great number of particles to ariſe with 
one of their ends above the water; but, on the' application of a 
little more e heat, theſe newly ad og particles diſappeared, and with 


5 Were changed into a tran] parent watery liquor, but ſoon 
after all that liquor in' many places was changed into Irregular ſa- 
line particles ; theſe ſaline particles were ſo ſoft, that upon breath- 
ing on them they again changed into a fluid ; but when I again ap- 
plied a ſtrong heat, I ſaw them to be more ſolid. The particles of 

falt which had concreted in the ſhape of ſun-flowers, and ſome 


others of the ſame ſpecies, remained unaltered, fo that I concluded 
both theſe were fixed ſalt. 


{( 148 
.. Farther, I drew ſome blood from my finger, and mixed- it with 
different parts of the water wherein was that fixed ſalt, and I ob- 


ſerved, that the globules of blood from whence its redneſs pro- 
ceeds, appeared as if their moiſt parts had been extracted by heat, 


for each globule appeared of a different ſhape, ſome flat, and I 
could ſee that they were compoſed of ſmaller globules; others 
tooked like dead animalcules, whoſe feet diſplayed themſelves, and 


in a word, 1o many different figures, that I cannot rehearſe 
them all. 


After this, I took ſome water wherein the volatile Galt was diſ- 
ſolved, and mixed it alſo with ſome blood, and I immediately per- 
ceived many of the globules of blood to be ſo altered or diſſolved, 
that they could not be diſtinguiſhed without great attention, ſome 


of them preſerving their figure longer than others; but this ap- 


| pearance I did not perceive, unleſs where a very little blood was 


mixed with much water. - 


Another of theſe Stones, in weight equal to. hn the twenty-- 


ninth part of a pound, I applied to a very ftrong fire, and obſerved 


the volatile ſalt, which proceeded from it, remained fluid ſo long as 


it continued warm; but when J took the black burnt part of it, it 
lay divided in many ſcaly parts like the coats of an onion, and that 
part which was not ſo divided, was the internal part of the Stone, 
which preſerved its round ſhape, and was not larger than the head 
of a large pin. This burnt ſubſtance, or caput mortuum, I weighed, 
and found it contained ten parts of a pound, ſo that nineteen parts, 
conſiſting of talt and oil, had been driven out of this Stone; and 


when J poured water on the reſidue, and ſuffered it to evaporate, I 1 


found, upon weighing, chat it was reduced to eight parts. While 
tlie ſalt and oil I had extracted remained warm, I collected a ſmall 
portion of them, and ſaw that the oil, which was of a. yellowiſh 


colour, by reaſon of the great number of ſaline particles in it, was 


not fluid. 
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After this, I put camphire in the water containing theſe ſalts, 
but I did not perceive them mix with the water, though the cam- 


phire ſtood in it for two days. 
I afterwards poured off the water and poured ſpirits of wine 


on the ſalts, but I did not perceive them unite with the ſpirits of 
wine. 


In all my obfervations, [ never - faw any of the ſaline pheticles 
in ſhape like the figures of our common ſalt, and I will venture to 
ſay, that the ſalt which we commonly uſe with our food, cannot 
produce any addition to the Stone in the Bladder, unleſs it could 
be proved, that ſuch ſalt can be converted into a ſtony ſubſtance 
in the body. But I know that many may not give credit to this, 
and alledge, that though the Stones in the Bladder may, in part, 


_ conſiſt of common falt, yet by applying fire to them in the way 1 


have mentioned, they might aſſume the different figures I have 


deſcribed to be in the volatile and fixed ſalts extracted from thence. 
In order, therefore, to ſatisfy myſelf and others in this reſpect, I 


took ſome common ſalt and put it into a new glaſs, to which I 
applied ſo ſtrong a fire, that the glaſs became red hot, and the ſalt 
diſſolved into water: when the glaſs became cool, I broke it, and 
taking out the ſalt, I mixed it with fair rain water, and then ob- 
ſerving it, I ſaw in the ſpace of half a minute, nothing floating i in 


the water, except particles of common ſalt, but none like the fixed 


or volatile fait extracted from the Stone in the Bladder: when 
this burnt ſalt had ſtood for ſome hours, it was changed (the air 
being then moiſt) into a watery liquor, and upon applying ſome 
heat to it, nothing appeared except figures of common ſalt. 

And ſince we ſee that Stones taken out of the Bladder do in part 
conſiſt of ſuch a fixed falt as is produced by infuſing the burnt mat- 
ter in water, and which ſeems for a time to unite with the water, 
but ſoon afterwards coagulates, and becomes ſo hard, that th ough 
the water is boiled, this ſalt will not mix with the water; and 


alſo that by ſpirits of wine or camphire it cannot be diflotved : 3 


(unn) 
and that the volatile falt in it (for of theſe two ſalts the Stone in 
the Bladder does for the moſt part conſiſt) when expoſed to the 
moiſt air, will not diſſolve: that in the volatile ſalt there are par- 
ticles ſo fixed that they cannot be diflolved but by the force of fire; 

I cannot, for my part, perceive that any medicine can be found of 
ſufficient efficacy to diflolve or break in pieces the Stone in the 
Bladder. And when we reflect on the ſharp-pointed particles of 
the volatile and fixed falts which, for the greateſt part, compoſe 
the Stone in the Bladder, we are not to wonder that thoſe Stones 

_ excite ſo much pain; eſpecially, if we conſider the ſharpneſs of ſo 
many wonderfully minute ſaline particles, and the many nerves in 
the Bladder, (for with any freſh accretion of matter new faline par- 
ticles are added) which, with their ſharp points pierce and irritate 
the infide of the Bladder. 

J broke one of theſe Stones into ſrnall Pieces, and examined them 

6 the microſcope, when I found that theſe Stones conſiſt of ſuch 
irregular parts as if we beheld a ſubſtance compounded of a great 
quantity of grains of ſand. And in theſe obſervations I often per- 
ceived thoſe wonderfully minute particles which I deemed to be ſalts, 
and which I have ſaid conſiſt of volatile ſalt, and which appear to 
be of. the ſame nature with the calcareous ſubſtance in the limbs of 

gouty perſons. I have cauſed a drawing td be made of a very 
ſmall particle, broken off from the interior part of one of thefe 
Stones, partly to ſhew the formation of the Stone, and partly to 
exhibit the wonderfully minute and ſharp-pointed faline particles, 
but which I ſeldom ſaw in ſo great a number as are here ſthewn ; 
the reaſon of which I take to be, that the particles of which the 
Stone conſiſts adhere together ſo very cloſely. 

Fig. 26, ABCDEFGH, is this ſmall particle of Stone, which 
to the naked eye appeared the ſize of fig. 27, BCDEPF, repre- 
ſent the very minute ſaline particles which are only to be diſtin- 
guiſhed at the edges of this fragment. The Stone from which this 


Piece was taken, together with ſeven or eight others, had been 
| T2 
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fifteen years ago taken out of the Bladder of a child, after its death; 
the outſide of it was of an aſh- colour, very ſmooth, but under the 
outſide ſhell the whole Stone was as white as chalk, and, in ſome 


places, the ſaline particles of which it 9 — like 1 


ments of glaſs. . : 

TI at different times mixed the water in Shieh the volatile and 
fixed ſalts taken from theſe Stones had been infuſed, with a ſmall 
portion of blood taken from my finger, and found the globules of 
blood to be as it were e or ſeparated into minute parts by 
the mixture. | 


An intimate acquaintance of mine, and a POR of eminence. in 


this country, with whom I had formerly travelled, came to me in 


a ſtate of great pain, and complained, that now he was growing 


in years he was greatly afflicted with the Stone in his Bladder, and 


aſked me my opinion, whether any means could be deviſed to diſ- 


folve or break it in pieces; to which I replied, that I conceived 


it to be impoſſible; and I alſo told him, that he had contracted 


this diſeaſe by his own manner of living. For, in our journies 
together, he had boaſted that he accuſtomed himſelf to bear hun- 


ger, thirſt, and cold ; and he alſo told me, that in hunting he only 
held a ſmall leaden bullet in his mouth, and by continually moving 
it about, he could go for a whole day without drink, when others 
could not diſpenſe with it; and to which I had replied, that while 
we hold a leaden bullet in the mouth, its weight and coldneſs 
cauſes us to keep it continually in motion; and by the conſtant 
motion of the jaws, there is a continual ſecretion of ſpittle in the 


mouth, which we ſwallow, and thereby keep the throat moiſt, ſo 


that we do not ſo much require drink as other perſons, but never- 


theleſs our bodies are not the leſs injured by the want of it. And 
the moiſture which is thus ſwallowed, and pafles through the 


Kidneys, is very thick, and in ſmall quantity, and more obnoxious 
to the coagulation of ſalts and other particles of which the Stone in 


( 149 ) 
che bladder is compoſed, than if we were to drink in faſlicient 
quantity. | 

Another gentleman of eminence, who was troubled with the 
Gravel, and had often been at my houſe, came to viſit me, with an 
old phyſician of ſome note, and brought with him a ſmall box, 
filled with Gravel Stones, aſking me, whether I thought there was 
any remedy which would diflolve ſuch Gravel in the Kidneys ; but 
this I pronounced was not to be found, by reaſon that theſe Gravel 
Stones do in great part conſiſt of ſuch hard ſaline particles, that 
they cannot be diflolved otherwiſe than by actual fire, or very 
ſtrong aqua fortis ; therefore, my opinion is, that we are only to 
look for a remedy to prevent the further increaſe or collection of 
them ; and, I think, that to drink tea or coffee promiſes much for 
this purpoſe, becauſe thereby much liquid paſſes to the Kidneys; 
and further, that we ſhould drink plentifully of beer, between dinner 
and ſupper time, and not follow the example of thoſe who boaſt 
that they drink very little in the day, and none at all at ſupper. 

In order to prove the truth of this my opinion, I put one of 
theſe Gravel Stones into a glaſs, and poured on it very ſtrong wine 
vinegar : this I ſet by for a whole year, in which time almoſt all 
the vinegar was evaporated, and, at the end of that time, I ſaw 
the Stone remain entire. I then poured more vinegar on it, and 
ſet it by another whole year, when the vinegar was almoſt all again 
evaporated ; the Stone was then ſtill entire ; but, upon ſqueezing 
it a little, it broke into many pieces, ſome of which were more 
than a thouſand times ſmaller than ſand ; and I often ſaw a ſmall 
piece of this Stone, no larger than a grain of ſand, to conſiſt of 
many ſmaller particles concreted together; and the multitude of 
minute particles of which theſe Stones are compoſed appeared to me, 
in this inftance, much more diſtinctly than I had ever ſeen them, 
or could have imagined ; and the minute parts into which the Stone 
was broken were yet very hard. 


03s - 

Hence we may more certainly pronounce than before, that there 

is no medicine of ſufficient efficacy to diffolve the Stones or Gravel 
in the Kidneys. 

I have often heard in converſation, that medical men, and par- 
ticularly ſurgeons, are accuſtomed to forbid thoſe who are afflicted 
with the Gravel, the uſe of ſome particular kinds of diet. But, 
for my part, I am well aſſured, that there is no kind of food in 
common uſe, which will not generate that calcareous matter which 
in gouty perſons is called chalk ſtones, and likewiſe Stones and 
Gravel in the Bladder or Kidneys. But, in ſhort, ſome phyſicians 
and ſurgeons talk of the efficacy of medicines in our bodies, and 
alſo of the conſtitution of our bodies themſelves, i in much the fame 

manner as blind men talk of colours. 
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On the nature and component parts of Gunpowder, and the quantity 
of air produced by its exploſion : together with the Author's ſen- 
timents reſpecting the ſize of great Guns, and his . on 

condenſed and rarified Air. 


Ir has long been my opinion, that all the ſaline particles which 


by the force of fire are elevated or driven upwards, from different 
ſubſtances, muſt be of a globular figure; becauſe by the fire they are 
rendered ſoft, and are driven about with a very quick motion; in 
which opinion I was confirmed by recollecting the obſervations I had 
formerly made on Gunpowder. And now, torepeat thoſe experiments, 

I provided ſeveral glaſs veſſels, which I made as clean as if they had 


newly come out of the glaſs-houſe ; ſome of theſe as deep as the 


breadth of three fingers, others of four, and others of fix. 'Theſe I 
heated, in order to expel from them all the moiſt air of the atmoſ- 
phere which we experience in this country in the autumn, and to 
introduce in its place a more rarified or thinner air than that in 
which we breathe. In a glaſs ſo prepared, I placed one or more 
of the largeſt grains of Gunpowder, ſtopping the glaſs ſo cloſely as 
to exclude all the moiſt atmoſpheric air; and I then applied to that 


part of the glaſs where the Gunpowder lay, a ſufficient degree of 
heat to fire the Powder. Hereupon the glaſs appeared filled with 


a kind of white ſmoke, in which could be ſeen, both at the bottom 


and ſides of the glaſs, the * charcoal and ſulphur, which had en- 


tered into the compoſition of the Gunpowder. When, in this 


* It is generally known that Gunpowder is compoſed of faltpetre, fulphur, and charcoal, 
in the proportions of three-fourtMſaltpetre, one eighth ſulphur, -and one eighth charcoal ; 
the whole well pounded and mixed together, and afterwards prepared for uſe in the form of 
ſma]l grains, reſembling ſeeds, 


| 61520 
experiment, two, three, or more grains of Gunpowder were put 
into the glaſs, the charcoal and ſulphur were diſperſed more for- 
cibly than when a ſingle grain was uſed; and I could plainly diſ- 
tinguiſh the particles of the ſulphur from thoſe of the faltpetre, for 
in ſome places they lay ſo thick together as to exhibit a yellow 
colour. The white ſmoke (as it appeared to the eye) was in fact 
the ſaltpetre. This I immediately brought before the view of a 
good microſcope, and ſaw with great pleaſure the inconceivable 
number of its component particles, of an incredible minuteneſs, in 
a kind of circular motion, one among another; and, to my moſt 
accurate inſpection, they all appeared of a perfect round figure, 
beſides ſeveral others which adhered to the glaſs: after a ſhort 
time, obſerving that theſe moving particles began gradually to ſub- 
fide, I placed the glaſs not in an upright poſition, but on its ſide, 
that they might not ſink to the bottom among the particles of 
charcoal and ſulphur. When the glaſs had remained in this poſi- 
tion ſo long that I judged all the ſaltpetre particles were in a ſtate 
of reſt, I again examined them, and ſaw with great ſurprize, that 
almoſt all theſe particles which a little time before appeared glo- 
bular, or to which I could not aſſign any other figure than that of 
globules, were now converted into hexagons, or ſalts of ſix ſides, 
ſome of which were very exactly ſhaped, others more irregular 
hexagons ; and many of them, I could plainly diſcern, riſing in a 
kind of piramidical ſhape, like a pointed diamond. When I ex- 
amined thoſe parts of the glaſs where the particles of ſaltpetre lay 
in conſiderable numbers together, I could diſcover but few of them 
to be of an hexagonal ſhape, by reaſon that the points of the par- 
ticles (at the time they changed from globular to hexagonal figures) 
touching each other, they ſtuck ſo cloſely together as to exhibit, 
upon the whole, only irregular figures. In another glaſs I ſaw 
(among the figures before deſcribed) ſome of the particles of the ſalt- 
petre very lopg and thin, ſome of which had the reſemblance of 
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a bundle of arrows tied together, with their ends Pointin 8 dif 
terent ways. 


| Beſides the foregoing obſervations, 1 ſaw, at the firſt firing or 


exploſion of the Gunpowder, a very thin moiſture in the upper 


part of the glaſs, which ſeemed to confiſt of globules of different 
fizes ; which moiſt ſubſtance, I was well perſuaded, did for the 
moſt part proceed from the ſaltpetre, and which I ſhall therefore 


call oil of ſaltpetre, though it might perhaps be mixed with ſome 


of the oil of ſulphur. In order more fully to ſatisfy myſelf in this 
reſpec, I put into one of the glaſſes ſome refined ſaltpetre, leaving 
a ſmall opening at the top of the glaſs, that it might not burſt in 
the experiment, and then applied fo ſtrong a heat to it that the 
faltpetre boiled very much; my only view in this was, to examine 
the vapour or moiſture which aroſe from the faltpetre, and to 
which I have given the name of oil; and I perceived, in the upper 
part of the glaſs, a large quantity of tranſparent and very fluid 
matter, which, upon inſpection, could be denominated no other 
than oil. At another time, I ſaw this ſubſtance or oil ſo collected 
or run together, that it appeared like drops of water ſpread Tee 
larly upon the glaſs. 

Not content with the preceding aber witten, I provided ſome 
other veſſels of very thin glaſs, in order to purſue my obſervations 
with more diſtinctneſs, and to ſee if I could not get a view of the 


changing of the ſaltpetre particles from globular to hexagonal 
figures, to which intent, immediately as the Gunpowder in the- 


glaſs was fired, I brought the glaſs before the view of the microſ- 


cope, and then I ſaw the globular particles of ſaltpetre change 


their figure to hexagonal, and this was performed inſtantaneously, 
or as quick as a flaſh of lightning to the eye, not in one or a few 
of the particles, but all of them, as I may ſay, in a moment; and 
though at the bottom of the glaſs, where the greateſt number of 
particles ſubſided after their firft motion ceaſed, I ſaw an immenſe 


number of ſmall particles lying to which I could not aſſign any 
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bgure ; yet. I doubted not they were all of the ſame ſhape With the 
former: and I was confirmed in this my opinion, by obſerving now 
and then a larger particle among them, which was of the fame 
ſhape I have mentioned. The number of theſe ſaltpetre particles 
produced from one grain of Gunpowder was ſo inconceivably. great 


that I dare not make a computation of them, they were more in 


number than the particles of ſulphur and charcoal; and when 1 
figured, in my imagination any given particle, the ſize of a grain of 
ſand, to be divided into a thouſand millions of parts, I coneluded 
in my mind, that the particles of ſaltpetre, fulphur, and charcoal 


contained within a grain of Gunpowder, were much more nu- 


merous. Theſe obſervations, were made with the greateſt diſtinct- 
neſs when I uſed only one grain of Gunpowder; for when three 


grains were fired together, the faltpetre blew up with it the ſulphur 


and charcoal, the particles of which not only rendered the view 
indiſtinct, but alſo os Mas the chang of the globular figures into 
hexagons. 

I have alſo taken notice, that if a grain of Granowler 4 is fired 
at the bottom as it lies, then the fulphur and charcoal it contains 
are blown up on high; but if it is fired at the top, then but little 
of the charcoal, and ſtill leſs of the ſulphur, are driven upwards. 

Theſe obſervations cauſed me to reflect on the manner in which 


Gunpowder is proved amongſt us, to judge whether it be of a 


good quality: this is peformed by taking the quantity of a muſket 
charge of Gunpowder, and placing it in as cloſe an heap, of a 
conical ſhape, as may be, on clean white paper, and then giving 
fire to it with a burning match; and if, in this operation, the 
paper is neither burnt nor blackened, the Gunpowder is eſteemed 
to be good. Nevertheleſs, I cannot but think that much of this 
depends upon the perſon who gives the fire; for if the point of the 
burning match is applied to the upper ſurface of the Gunpowder, 

the conſequence muſt be, that the paper will be very much black- 
ened, and alſo burnt, by reaſon that the upper part of the Gun- 


3 n 
powder firſt takes fire, and exerts its foree on the lower part, which 
is laſt kindled, whereby the fire and ſmoke of this laſt part is driven 
downwards: but if the perſon who gives the fire does; with a 
light touch, ſo apply the match that it may fire the loweſt part of 
the heap as foon or fooner than the upper part, it muſt follow 
that the lower part of the powder will blow upwards what lies on 
the upper part and fides of the heap, and this before. it is fully 
kindled, in conſequence of which the paper will be little injured. 
In a word, one man may ſo fire a parcel of Gunpowder that it 
will be deemed good powder, and another man may fire ſome of 
the ſame ſample in ſuch a manner that. it ſhall be condemned as 
unſerviceable; that is, not ſufficiently frong, or as being damp; 
for conſidering that ſome: portion of time is required (as muſt cer- 
tainly be the caſe) for the fire of one grain of Gunpowder kindied 
by another from beneath, to blow up the upper part of the ſame 
grain, much more time muſt be required in a whole muſket charge 
of Gunpowder for the fire of one To to be communicated to 
the others. 

I have allo turned my thoughts on obferving the fine of Gun- 
powder in a cloſe glaſs to the following conſideration, namely, 
whether the motion of the ſaltpetre particles and the fire did not 
leave in the glaſs a greater quantity of air compreſſed: together. 
To make trial of this, I took ſeveral ſmall glaſſes, into one of 
which I put a large grain of Gunpowder, into another two, and 
into another three of ſuch grains, and, having perfectly cloſed all 
the glaſſes, I ſet fire to the Gunpowder in each of them, and left 
the glaſſes at reft, until I judged: that all the faltpetre particles 
were ſubſided, then opening the glaſſes, the air ruſhed out with 
violence. 

J afterwards repeated this experiment with ſeveral other glaſſes, 
leaving ſome of them four, others five days untouched, and, upon 
opening them, the air ruſhed out with as much violence as in the 
former experiment. 
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a 1 topk ſeveral other glaſſes, and ineloſed in each of 
them three grains of Gunpowder, which (the glaſſes being firſt care- 
fully clofed) I ſet on fire; but in this experiment ſome of the 
glaſſes flew in pieces, though they were all of the ſame fize, and 
the quantity of Gunpowder the ſame in each. The cauſe of this I 

took to be, that in the broken glaſſes the grains of Gunpowder 
might be fired altogether, or blown up more haſtily than in the 
others. The glaſſes which remained uninjured, after the ſpace of 
twenty-four hours had elapſed, I opened in ſuch a manner that the 
air within them. (which in theſe glaſſes was more compreſſed than 
the eommon air we breathe, and more than the glaſſes themſelves 
originally contained) might empty itſelf into a glaſs globe filled 
with water, having a ſmall neck, and placed not upright, but 
floping, in order that I might obſerve accurately the quantity of air 
which was forced out of the glaſs wherein the Gunpowder had been 
fired into the glaſs globe filled with water; for ſo much air as was 
forced into the globe, ſo much water muſt be driven out of it. 

To aſcertain this, I took ſeveral. glaſſes, and after having fired. 
the Gunpowder in them, as before related, I'weighed them, though 
to avoid prolixity, Iwill here only relate the computations I made. 
with one of them.. This glaſs weighed ſeventy-ſeven grains, and 
when the compreſſed air it contained had been-made to. paſs into the 
before mentioned glaſs globe, I filled the other glaſs with water, 
and weighing it, I found that the water contained in the cavity of. 
the glaſs weighed: fixty-three grains: with this water I filled up the: 
cavity in the glaſs globe, which had been made in it, by introducing 
the air generated by the exploſion: of the Gunpowder, and I found 
that fifty- five grains of water had been driven out of the glaſs globe, 
for I had only eight grains of water remaining after filling up the 
cavity or ſpace ; confequently,. the firing three grains of gunpowder. 
in the glaſs, produced ſuch a compreſſion of air within. it, that when 
the glaſs was opened, nearly ſeven-eighth- parts of the air it then 
contained ruſhed out; ſo that the air. in. the glaſs, which. before 
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arlag the Gunpowder in it was of the ſame denſity with common 
air, did, upon the firing, become fo condenſed or compreſſed as to 
require, for attaining the natural ſtate or ee an extenſion! of 
— in the ſame proportion. 

With theſe obſervations I was not ob contented: and; WR 
other experiments, I took a glaſs, into Which I put a common ſzed 
grain of Gunpowder, leaving at the extremity of the glaſs an open- 
ing the ſize of a common pin; this opening, wich was at a thin 
and pointed end of the glaſs, I immerſed* in the before mentioned 
glaſs globe filled with water, and upon firing this ſingle grain of 
Gunpowder in the glaſs, ſo great a quantity of air was driven into 
the glaſs globe, that to replace the water which was thereby ex- 
pelled, I had need of one hundred and ſixty grains of water, over 
and above the water which had found its way out of the globe into 
the glaſs. veſſel wherein the Gunpowder was fired. This laſt men- 
tioned glaſs. veſſel (which with one more were the only two of ſe- 
veral uſed by me, had remained entire; for many of the glaſſes: 
upon the ruſhing in of the water; burſt in pieces); I weighedbe-. 
fore I fired the grain of Gunpowder; in order, after the firing, to- 
know the ſize of the cavity it contained, and found that the water: 
in it weighed one hundred and fifty grains. | 

And now, to make a calculation with as much accuracy as pofſible; 
we muſt lay out of the cafe; the ſize of the cavity of the- glaſs 
wherein the Gunpowder was fired; and ſay only this, a- common 
ſized grain of Gunpowder, in its exploſion, forces ſo much air into a 
glaſs globe, as fills a ſpace equal to that occupied by one hundred 
and ſixty grains in weight of water; and to make a compariſon: 
(though it will be a very uncertain: one) between the ſize of a grain 
of Gunpowder and the quantity of air it produces on being” fired, 
we will ſay, that water and Gunpowder are of equal weight, though 
this is not ſo in fact, for Gunpowder ſinks in water; and therefore 
is heavier. Now let thirteen: grains of Gunpowder be conſidered 
to make the weight of a grain, theſe: thirteen-grains of Gunpowder: 
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did before. 
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or exploſion. of Gunpowder, computed by, me with all the apcuracy 
= able, though by no means, to be. deemed perfect, becauſe one 
grain, of Gunpowder. will, explade, much more completely than ano- 
ther, by: reaſon that the mixture of ſaltpetre, ſulphur, and ghazgoal, 
is not in their proportions alike in all, a8 a. proof of which, I have 
— in firing a grain of Gun per- de that yank af it has been, 
confumed, before. the reſt hlew up. Los art, et ding 

Hut ong circumſtance in theſe, my, obſervations appeared. mak 
worthy. of. note, namely, that With, the ſame, velocity as the air 
ruſhed, out of the glaſs wherein, the grain of Gunpowder. was fired 
into, the glaſs globe, with equal velocity was the water forced out 
of the glaſs globe, through the narrow opening of the glaſs. Where 
the Gunpowder had been fired, inſomuch as almoſt half to fill that, 
glaſs With water; the cauſe of which, I conceived, could be no. 
other than this; the fire produced by the kindling of the Gun- 
powder incloſed within the glaſs, requires great extenſion, whereby 
the air in the glaſs muſt in part be driven out, and whereas, with, 
the ſame rapidity as the fire was kindled, it, will eſcape through the 
pores of the glaſs, into the; air, ſo upon. the fire's quitting, the cavity, 
of, the glaſs, ſome. other ſubſtance. muſt follow in its place to occupy. 
the vacuum, whereupon; this, vacancy in, the, glaſs muſt be filled, with 
Mater, becauſe ihe. PEAS: in the Kals 18 ee under the, 
Water. 

From this. regurgitation, or craſhing. of the water, into the glaſs, 
when, the Gunpowder. was fired,” after the fire had eſcaped from, 
thence, I was led to. reflect. on the firing of Gunpowder in a Can- 
non or great Gun, and I congluded, that a ball fired from an over- 
long great Gun would not have ſo much force, nor be driven to ſo 
great / a diſtange as if the Gun wWas of a more moderate length, for 
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T den chus With myfelf; in a Guy eighteéft febt long; half 46 
much time again is required for the Guiipbwder to drive tHe ball tö 
the muzzle of the piece, than in a Gum which is twelve fekt Tong ; 2 
in which length of time, much of the Guripbwder iti. the lofig Gün in | 
is coniſuitied; before the ball gets into the oþen air ; this conſumed 
Gunpowder is not bhly waſted; but no ſobner is the Gütpowder E = 
ploded, than immediately nearly one-fourth part of the' eiae 
eſcapes out of tlie Gun, which ſpate muſt be filled up by ſotne* 
other ſubſtance, and this is ſupplied from that part of the Gutipow- 
det which firſt takes fire, and thus the force bf the powder is 15 
niſhed before the ball has quitted the Gun, in like mandel as I Have 
before ſaid, reſpecting the firing of Gunpowdet im a glaſs, rw 
that ſb ſoon as it is fired and the flame is ſpent, the ait within the 
glaſs is rendered ſo thin and fubtile, that about a fourth part of tlie 
expanſion produced by the firing of the Gunpowder muſt be 1 re epldce® 
in order to fill the glaſs again. 

In converſation with a certain gentleman of high mtb 
in military matters, who came to viſit me in company with ſome 
foreigners of rank, I mentioned my opinion of the inutility of too 
long great Guns, (for our diſcourſe turned upon that fübject), a 
he informed me, from his own experience, that upon firing 806 
guns. one of eighteen feet long, and the other of fourteen feet long, 
in order to prove their greateſt power, he had ſeen the gun of four- 
teen feet long, carry its ball much farther than the other, which 
was eighteen feet long, and hereby I was confirmed in my before 
mentioned opinion | 

It was formerly my firm belief, that there could be no other rea- 
ſon of the great exploſion produced by the firing of Gunpowder;. 
than firſt, from the ſaltpetre particles being put into a violent agita- 
tion and divided into ſmaller parts; and ſecondly, from the fire,. 
and that when thoſe particles ſubſided to a ſtate of reſt and the fire 
eſcaped, the remaining ſubſtances left no greater ſpace than they 
had occupied before the ſaltpetre was by the fire divided into many 
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parts; but now we ſee the contrary to be the fact, for the particles- 
of air in a cloſed glaſs, wherein Gunpowder is fired, are. ſo com- 
preſſed together, that ſeven parts out of eight will eſcape out of the 
glaſs upon its being opened. 

1 have endeavoured to ſatisfy myſelf upon this eg, by ſaying 
that the particles of air in their natural ſtate. in the glaſs, before 
the firing of the Gunpowder, were, upon ſuch firing, divided into 
ſtill ſmaller particles, and that thoſe ſmaller particles being of a glo- 
bular figure, muſt (ſo long as they remain diſtin& and not forced 
one into another) touch each other on their ſuperficies, and leave 
between them in the remaining ſpaces, ſome more thin and ſubtile 
ſubſtance ; whence it muſt follow, that the particles of air within . 
the glaſs, will require a greater ſpace than they occupied before; 
but on the other hand, I conſidered, that though every particle of 
air Which was in the glaſs. before the firing of the Gunpowder 
might, upon the firing it, be divided into a thouſand ſmaller parts, 
this would not produce ſo great an expanſion as we experience ; 
for, let a ſack of wheat be ground into fine flour, every grain will 
be divided into a thouſand parts at leaſt, and though the wheat is 
divided into many ſmall particles, it will not occupy ſeven or eight 
times greater ſpace than it did before the grinding. In ſhort, with 
all my obſervations reſpecting the great expanſion or exploſion of 
Gunpowder when it is fired, I have not been ab to explain the 
matter to my own ſatisfaction.“ 


* Mr. Leeuwenhoek, in this Eſſay, attributes the force of Gunpowder, when exploded, to 
ſome alteration produced by it in the circumambient air, rather than to the production or 
generation of air from the Gunpowder itfelf ; and though in ſome few places he expreſſes him. 
ſelf in a manner, intimating, that air is generated by Gunpowder when fired, he does not. 
ſeem to have been fully informed of the doctrine now eftabliſhed, namely, that Gunpowder, 
or rather its principal component, Saltpetre, contains in it a great quantity of air condenſed 
as much as poſſible, which, when ſet at liberty, upon the firing the Gunpowder, does, by its 

elaſticity or expanſive power, produce the violent and ſurpriſing effects we 8 Mr. 


Leeuwenhoek's experiments do, pen confirm that doctrine, and they are themſelxes illufs 
trated by it. 
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But when, from the preceding obſervations,” We reflect on the 
time that Gunpowder, when fired, requires to drive the ball out of 
a Gun, and how much of the charge of powder i is conſumed in' that 
time ; which conſumed Gunpowder is injurious to the effect of the 
firing, and alſo when we conſider how much of the charge may be 
driven out of the Gun before it takes fire, the concluſion is, that 
it is worthy of conſideration to deviſe ways and means whereby the 
whole charge of Powder in a Gun may, if poſſible, be ſet on fire 
all at once; and if this be accompliſhed, ſo much n will not 
be required for a charge as is now in uſe. $181; 21117 
Il Will now explain the manner in which I make the foregoing ex- 
periments on the exploſion of Gunpowder: : I take a glaſs tube of 
the ſhape and ſize repreſented in Plate XV. fig. 26, LM, at one 
end of which I blow the glaſs globe HTK M, then, after dropping 
into it a grain of Gunpowder, -I give the glaſs the ſhape repre- 
| ſented at fig. 27, PON QR, whereby the grain of powder fixes 
ittelf in the tube at the place marked N. I then take a ſmall pipe, 
called by ſilverſmiths a blow-pipe, which they uſe to ſolder their 
work, and, firſt putting on my ſpectacles to defend my fight, I 
bring the tube near my eye to ſee the effect of the firing; then 
directing the flame of a candle or lamp, by means of the blowpipe, 
to the place where the grain of powder is lodged, it immediately 
takes fire, producing the inconceivable number of particles in 
violent agitation, reſembling ſmoke, as I have before deſcribed ; 
beſides the multitudes of particles adhering to the glaſs, and 
indeed, the number of particles into which a grain of Gunpow- 
der is divided, cannot be conceived, but by making the expe- 
riment. 

I then blow a glaſs of the ſhape repreſented at fig. 28, S TY W, 
taking care that it be ſomewhat thicker at the part T, and filling 
it with water, I hold it in 0 oblique poſition repreſented in the 
figure. 

Vor. II. X 
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| After this, I lather the point of the tube repreſented at fig. 27, 


wherein the Gunpowder was fired into the aperture of the glaſs, 
fig. 28, at W, ſo that the bent part of the tube R, may preſs the 
bottom of the glaſs at T, and continue the preſſure until the tube 


breaks about Q, whereupon the compreſſed air in the cavity of the 
glaſs, fig. 27, ruſhes violently into the glaſs, fig. 28 ; but as it can- 
not eſcape through the aperture W, it places itſelf about V, by 
which means the ſame ſpace of water is expelled at W, as of air 
is forced from the glaſs, fig. 27, into the glaſs, fig. 28, and upon 
weighing this laſt mentioned glaſs, when filled with water, and 
again when part of the water, as before mentioned, has been driven. 
out of it, I can make an exact computation of the quantity of com- 


preſſed air driven out of the glaſs, fg. 27. 


Again, I take another glaſs of the ſhape repreſented at . 27;. 
with this difference only; that the tube at Q is ſtraight, and the 


aperture left uncloſed, and then inſert this into the glaſs, fig. 28, 


ſo as not quite to touch the bottom ; then, upon firing the grain of 
Gunpowder, the condenſed air ruſhes with great force into. the 


glaſs 28; after which firing, and the heat of the flame eſcaping out _ 


of the glaſs 27, inſtantly, as I may ſay, the water makes its way 
through the orifice Q, into the ous 27, in greater quantity than 
one could imagine. 

In theſe experiments, 55 the firing of the Deter and the 
ruſhing in of the water, the glaſſes are often broken; therefore, in 
making theſe obſervations, it will be neceſſary to W the experi- 
ments _ times. 


or THE obs. 


Tits animal, which is ſo tronbleforne to many, Perla the 
poor, who have not the means of frequently changing their linen 
and other apparel, is by ſome writers ſuppoſed to be produced 
from dirt, ſweat, or excrements: but to convince ſuch perſons of 
their miſtake herein, I will give the deſeription of ſeveral parts of 
this creature, as examined by me, the perfect and wonderful for- 
mation of which, will clearly prove that theſe animals cannot be 
produced otherwiſe than by the ordinary courfe of generation. 

Plate XVI. Ig. 1, AB CDE FG, is the head of the Louſe, in 
which may not only be ſeen two very black eyes, but alſo two 
perfectly made horns with joints, beſprinkled with hairs in many 
places, as ſhewn at CD and GF. The letters HI K of indicate | 
only the outline of a part of the Louſe's body. 

When I was preparing this object for the limner, I cut off the 
head and breaſt from the lower part of the body, and placed this 
ſmall part only before the microſcope ; for when I placed the ani- 
mal before it entire, it was in ſuch continual motion, bending its 
body backwards and forwards, that it was impoffible to obtain a 
_ diſtin view of it, ſo as to make a drawing; and this piece of the 
body remaining fixed before the microſcope, the horns and feet con- 

tinued in motion for an hour. 

In the contemplation of ſeveral lice when placed before the mi- 
croſcope (and I had plenty of them brought to me for my money), 
I received great pleaſure in contemplating the. motion of the inter- 
nal parts in the head and feet, and even in the œſophagus or gul- 
let, which in this creature lies partly in the head, and through 
which the blood it ſucks may be ſeen running very ſwiftly: this 
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motion in the gullet v was ſeen in a char liquor paſſing upwards and 
downwards alternately: 1051005 | 

At E is a protuberance ſomewhat like a MY which, when the 
Louſe is preparing to take its food, it projects further, and from the 
extremity of it thruſts out its“ piercer,. in order to ſuck the blood. 
This piercer, or rather the piercer with its ſheath. (for there are 
two of them, one incloſed in the other), I have often taken out of 
the Louſe's head, but it was not till after repeated trials, by reaſon 


of their exceſſive ſlenderneſs, that I could place them before the 


microſcope, ſo as to give a drawing of them both. | | 

Fig. 2, LO P, is part of the Louſe's head; at O is ſhewn the 
protuberance, which I have likened to a nipple, as it appears when 
the piercers are protruded out of it: O M is the larger piercer, or, 
more properly ſpeaking, the ſheath which contains the piercer 
MN, both of which are drawn into the head when not in uſe. At 


N, the extremity of this piercer appears a little ſplit or divided. 


Fig. 3, K L, is this ſheath taken out of the head, and LM is the 
exceſſively ſlender piercer it contains, protruding beyond: the « extre- 


mity of the ſheath. 


When the Louſe 1 is about to ſeek. its PORE from the ; LUNG 1 1 0 
it extends the nipple or ſnout I have deſcribed, from its head. and 


from it protrudes the ſheath of the piercer; and laſtly, the piercer 


itſelf, which being introduced between thoſe ſmall ſcales with 
which the ſurface of the ſkin is covered, it pierces the blood - veſ- . 

{els lying underneath and-then ſucks the blood, which is its nou- 
riſhment; and in doing this, it places itſelf upon its head, the more, 
readily to introduce the piercer into the body. The blood which the 
animal ſucks, may be ſeen paſſing with a very ſwift motion into its 
body, and it is a curious Ls LEE to behold the rapid motion with 


* The Dutch word i is Angel, which the Latin rerſion den Anke both words ügnify ing 
a ſting: but the Tranſlator has adopted the word piercer, as more applicable to the ufe 
which this part of the animal is deſigned for: beſides, we ſhall ſee preſently, that the ſting 
of the Loufe, properly fo called, is. placed in a different part of its body. 
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which the human hou F When received into the Louſe, is inceſ- 
fantly driven to and fro both in the ſtomach and inteſtines, to pre- 
vent its coagulating, which would be fatal to the animal. 

In my experiments and obſervations on this creature, although 
I had, at ſeveral times, had a number of them on my hand drawing 
the blood, yet I very rarely felt any pain from their punctures, 
Which is not to be wondered at when we conſider the exceſſive 
ſlenderneſs of the piercer I have been deſcribing ; for, upon com- 
paring this with a hair taken from the back of my hand, I judged, 
from the moſt accurate computation I could form by the microſ- | 


, cope, that the hair was ſeven hundred times the ſize of this incre- 


dibly ſlender piercer, which, conſequently, by its punctures, muſt ex- 
cite little or no pain, unleſs it happens to touch a nerve. Hence I 
have been induced to think, that the pam or -uneafineſs thoſe per- 
ſons ſuffer who are infeſted by theſe creatures, is not ſo much pro- 
duced from the piercer, as from a real ſting which the male Louſe 
carries in the hind part of its body. > 
Fig. 4, BCD, repreſents part of this ſting, fo far as it is pro- 
truded out of the animal's body, and thus far it is of a hard ſub- 
ſtance and a yellowiſh colour like the claws: in it may be ſeen a 
kind of groove or cavity, which paſſes through the whole ſting, and 
ſeems as if it were deſigned to convey ſome liquor to the extremity 
when the animal makes uſe of it, though I never did actually ob- 
ſerve any ſuch liquor, In this figure the ſting is drawn with the 
cavity fronting the eye, in which. poſition it-appears quite ſtraight. 
Fig. 5, EF G, is the fame part of the ſting viewed fideways, in 
which poſition it appears to be of a 'curved ſhape, and thus far it 
was bare of any muſcular parts: the lower part GH 1E, in its na- 
tural ſtate, is covered with muſcular and fleſhy parts, which, being 
cleared away, there only remains to be ſeen in the figure, the hard 
or horny part of the ſting, which gives it ſtrength and firmneſs. 
This ſting is the Louſe's weapon of offence, and which it uſes. 
when prefled by the clothes or otherwiſe diſturbed ; for I have ob- 


r 
ſerved that, when roughly handled, they protrude their ſting as 
preparing to ſtrike; but as to the reaſon why the males alone are 
provided with it, and not the females, I have formed ſome Mk 
tures, but not ſo as to ſatisfy myſelf in that reſpect. 

The feet and claws of this animal diſplay the perfect contrivance 
manifeſt in the formation of ſo ſmall a creature. Fig. 6. ABCDEF, 
is one of the ſix feet of the Louſe; B CD, is the largeſt claw, one 
of which the Louſe has on every foot, and, when the animal is on 
that part of the body where there are no hairs, it lays hold of the 
ſkin with this claw, in order the more forcibly to introduce the 
piercer which it carries in its head into the body, in order to ſuck 
the blood ; but when moving from place to place, or not employed 

in ſucking the blood, it does not cling to the body, but to the 
thirt or other garment (on which alſo it lays its eggs), becauſe it 

can eaſily fix its claws into the filaments of the linen or woollen. 

Io lay hold of a hair it graſps it with this claw and the prominent 
part of the foot, which is ſhewn at D, and which is alſo provided 
with a very ſmall nail or claw, and more particularly the part E, 
which I call the Louſe's thumb, and which 1s alſo furniſhed with a 
ſmall nail. For in like manner as we, in holding any thing in 
our hands, uſe the thumb, ſo does the Louſe in graſping a hair, 
make uſe of what I call its thumb. AFG, 1s that part of the 
Louſe's leg which joins the body. 

I could have given a drawing of the Louſe's claw et to a 
greater ſize than the whole foot is here repreſented, but I do not make 
uſe of ſuch very deep magnifiers, unleſs neceſſity requires it ; for I 
think that an object 1s ſufficiently magnified when we can fee all the 
parts of it diſtinctly. | 

Upon exhibiting this creature before the microſcope to a certain 
great perſonage, he obſerved to me, that his ſoldiers, who were in- 
feſted with lice, found them more troubleſome in rainy than in dry 
weather : for which I gave this reaſon, that the clothes, when wet- 
ted, ſhrink and compreſs the body ſo cloſely, as to impede the 
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Louſe in its motions, and cauſe it to uſe the ſting which it carries 


in its tail, whereas, in dry weather, the clothes hanging looſe on 
the body, the Louſe has room to inſert its piercer and ſuck its 
food, which it cannot do without bending its body and raiſing its 
hind parts. 

The Louſe is ſo prolific : an animal, that it is a common vulgar 
ſaying; that it will be a grandfather in the ſpace of twenty-four 
hours. This I could never believe to be the fact, but rather that it 
would require nearly a month for the offspring of a Louſe to be ca- 
pable of producing young of its kind; and, in order to make proof 
of it by experiment, I at firſt propoſed to hire ſome poor child to 
wear a clean ſtocking for a week, with two or three female lice in 
it, and well tied or ſecured at the garter, in order to ſee how many 
young ones would be produced in that ſpace of time; but I after- 
wards conſidered, that I could make the experiment with much 
more certainty in my own perſon, at the expence only of enduring, 
in one leg, what moſt poor people are obliged to ſuffer i in their 
whole bodies during all their lives. 

Hereupon J put on one leg, inſtead of the white under ſtocking 
J uſually wear, a fine black ſtocking, chuſing that colour, becauſe 
I conſidered that the eggs and the young lice thence proceeding, 
would be more eaſily diſtinguiſhed upon it. Into this ſtocking I 
put two large female lice, and cutting another black ſtocking into 


long flips, I bound it over the firſt above the knee, to prevent their 


eſcaping. After wearing this ſtocking ſix days, I took it off, and 
found one of the Lice in the ſame place where I had put it, and 


that it had laid fifty eggs, and in another part of the ſtocking the 


other had laid about forty eggs, but the parent I could not find. 1 
opened the other which had laid the fifty eggs, and found in its 
body at leaſt fifty more, and who knows how many eggs it had laid: 
before I put it into the ſtocking, and how many more eggs it might 
then have in its body which my fight could not reach ? | 

Having worn the ſtocking ten days 8 I found i in it at leaſt 
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twenty-five. lice of three different ſizes, ſome of which J judged 
were two days old, others a day old, and the reſt newly come out 
of the egg, beſides others ready to come forth, as I found upon 
opening one of the remaining eggs. But I was ſo diſguſted at the 
ſight of ſo many lice, that I threw the ſtocking containing them 
into the ſtreet; after which I rubbed my leg and foot very hard, in 
order to kill any Louſe that might be on it, and repeating the 
eee four hours afterwards,” 1 put on a clean ute under 
80 Fe cauſed a drawiigs to pos wade of the Louſe 8 eggs, (com- 
monly called nits),.as viewed by the microſcope, to ſhew from what 
part the young Louſe iſſues forth. Fig. 7,NOP, is the egg, Q R, 
is a hair of the wool to which the egg is fixed, by means of ſome 
_ gummy ſubſtance, which the Louſe emits from its body together 
with the egg. At N, is ſhewn how part of the egg is ſhaped, 
ſomewhat like a lid or cover, which in all probability is made very 
tender or brittle, that the young Louſe, when grown to its full ſize 
within the egg, may be able to break it open and ifſue forth; 
whereas other young animals, who are provided with teeth or pin- 
cers, can gnaw or bore holes in the ſhell, Fig. 8, S TV, is ano- 
ther egg, wherein, at T, may be ſeen that the ſhell of theſe very 
ſmall eggs is provided with a ſkin or membrane, the ſame as a 
hen's or other bird's egg; and under the lid or cover of this egg. 
which the young Louſe breaks open, there is another thin mem- 
brane, which is alſo broken by the young Louſe, and | 1s to be ſeen 
at. 

Now ſince we ſee, by ont; that a Louſe in the ſpace of 
fix days can lay fifty eggs, and have as many more remaining in its 
body, we may eaſily conceive, that a poor perſon who has an hun- 
dred female Lice about his body, and has not any change of clothes 
or linen, and who, moreover, through ſloth is careleſs of deſtroying 
. thoſe he has about him, may in a few months (if : me uſe the 
expreſſion) be deyoured by theſe vermin, 
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To give a clearer conception of the great increaſe of theſe animals, 


let us ſuppoſe a perſon to have about his body two male Lice, and 


as many females, and that the females in twelve days time lay two 
hundred eggs, and that, ſix days afterwards, out of thoſe eggs are 
produced an hundred males and as many females, and that this 
young brood in eighteen days time are grown to a ſize to propa- 
gate their kind, and that each of thoſe. young females in the ſpace 

of twelve days more lays an hundred eggs, from which, in ſix days 
time, other young lice are produced; upon this ſuppoſition, the 
number of lice ſpringing from two females, will amount to ten 
thouſand. Thus it appears that two females may, in eight weeks 
time, be grandmothers, and ſee ten thouſand lice of their own off- 


ſpring, which, unleſs reduced to actual demonſtration, would ſeem 


incredible; and who can tell, whether in the heat of ſummer theſe 
creatures may not breed in half the time I have mentioned? 

Iwill here put an end to this louſy diſcourſe, which has gone to * 
theve times the length I intended ; but my deſign in it was, to ſa-: 


tisfy myſelf, and to convince others, that fome days are required for 


the egg laid by a Louſe to produce a young one, beſides the time 


required for eggs to be again laid by ſuch young one, and alſo to 
aſcertain 1 in what numbers theſe creatures, do multiply. 


In the original, the author is 3 more prolix nd cireumBantia] than here ſet down; 
but the Tranſlator has thought it e on Tues | a f K. to give the fubſtance and se- 


neral reſult of his K 
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On THE MITE. 


Ti Move is th fnallot animal that 1 have ever obſerved about 
our houſes, but in every kind of dried proviſion, fuch as liam, 
bacon, and dried fiſh, they are almoſt always to be found. 

In reflecting upon this animal, I was defirous to know the na- 
ture of their propagation, and how long time their eggs would 
take from their being firſt laid to their being hatched, and alſo in 
what ſpace of time a young Mite will come to its full growth. 

In catching theſe creatures, I found they were endued with a 

very quick fight, for after J had once touched them with the inſtru- 

ment with which I caught them, they afterwards- avoided it in a 
manner which ſurpriſed me. 

1 had often ſeen the eggs of Mites in cheeſe and other ſubflances, 
and I now proceeded, by the help of a magnifier, to open ſome of 
the largeſt mites, which I judged to be females, and viewing them 
by a microſcope of ſtill deeper magnifying power, I ſaw at three 


ſeveral times, not only the eggs, but alſo through the ſhells of 
them I perceived their inſide to be compoſed of greater and ſmaller 


globules, exactly ſimilar to thoſe in the yolks of hen's and other 
birds' eggs, only with this difference, that the globules in the yolk 
of a hen's egg are each of them 13 than the entire egg of a 
Mite. 

I took a glaſs tnke, into which I put a piece of biſcuit and five 
or fix Mites, and then, by the help of fire, I cloſed the orifice of 

the tube, ſo that no egg laid by the Mites could drop out ; the firſt 
day of their confinement I found one egg, the next four, and the 
third ſix eggs, and one of the Mites dead: the fourth day I 


counted as many as twenty eggs, and afterwards ſtill more, but 
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the number I did not particularly reckon ; and as it was in the 
middle of October, and the weather growing cold, on the fourth 
_day after the firſt egg was laid, 1 put the tube into a leather cafe, 
and carried it in my pocket, to ſee what time the eggs would re- 
quire to produce young Mites. On the eighth day I ſaw a young 
Mite, and the following day three ſmall Mites creeping about the 
glaſs, and then I ſaw only one of the Mites I had put” into the 
glaſs remaining alive; and, upon minutely examining thoſe that were 
dead, I judged that they had been almoſt wholly devoured by the 
ſurvivors. The next day I ſaw five or fix ſmall Mites, but I was 
ſurpriſed to ſee thoſe young Mites had only ſix feet, whereas thoſe 
which were grown larger had eight. 

By the microſcope I every day examined the eggs, and when they 
were about four days old, I could diſtinguiſh the fruitful from the 
| barren ones; thoſe which I deemed fruitful were of a dark colour 
throughout, whereas the barren ones were one half dark and half 
tranſparent, which tranſparency was occaſioned by the globules 
which compoſed the egg having ſunk to the bottom. Afterwards 
I faw that from all thoſe eggs which had remained dark through- 
out, the young Mites had crept out, leaving nothing but the ſhell 
behind them ; whereas thoſe eggs which were in part tranſparent, 
remained entire. ee 
Not ſatisfied with theſe obſervations, I took ſeveral glaſs tubes, into 
each of which I put ſome ſmall pieces of dried fiſh, and theſe tubes 
being cloſed at one extremity, I placed the open ends neat a bag of 
meal, in which I was certain there were many Mites, in order that 
the Mites might of themſelves, without being hurt, or being mixed 
with any dirt, remove into theſe glaſs tubes to the pieces of fiſh, 
which accordingly came to paſs; for, the next morning, I found in 
ſome of the tubes fifty Mites, as well large as ſmall ones, and ſome 
ſo minute, that they ſeemed to be newly hatched, and had only 
ſix feet. 

In order that theſe Mites might not want air, I cloſed the ori- 
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fices of the tubes ſo as to leave an opening at the and in Forde of 
them, as far as my eye could judge, about the fiftieth part the 
ſize of a Mite's egg, and others larger: theſe glaſſes I then placed 
before the microſcope, for theſe creatures, by reaſon of their mi- 
nuteneſs, are almoſt inviſible, and by my naked exe 1 could not 
perceive they had any life in them. 
I have given a drawing of the Mite, as fone dau the micro- 
ſcope, to ſhew its ſhape as nearly as the limner could imitate it. 
Plate XVI, fig. 9, AB, repreſents the Mite's egg, the ſhell of 
which is covered with ſo many ſharp prominent parts, that the 
wbole appears dotted: theſe eggs may be ſeen. in great numbers, 
in the rinds of cheeſe, eſpecially when the. cheeſe is old and Mites 
are diſcovered in it. Fig. 10, CDE F, is a Mite ſeen through the 
microſcope when fixed to the point of a needle. This creature 
haas eight feet, in each of which the joints are repreſented as accu- 
rately as could be done; moreover each foot is furniſhed with two 
wonderfully minute crooked claws at its extremity, with which the 
animal can readily graſp any thing, and ſupport its: own body ; and 
I have ſeen a Mite, when fixed to the point of a pin, lay hold 
with its claws on the hair of another Mite and ſuſpend it in the 
air, and I wondered. that a ſingle hair of a Mite ſhould be ſo ftrong 
as to hold the animal's body ſuſpended by it. At D is-ſhewn the 
head of the Mite, the fore part of which is fo very ſharp, though 
with an opening, on it, (from which opening I have ſeen. ſome- 
thing like a tongue put forth), that the mouth might be fitted to 
bite aſunder the fibres of the fleſh on which it feeds, as I have 
ſeen in the feet of a louſe gnawed by a mite, leaving oblong 
ſcratches. On each ſide of the head was a crooked hair, beginning 
at the thicker part of the head, and ending near the extremity, as 
if it were alſo fixed there, which at firſt I thought it was, but hay- 
ing often ſeen that when a Mite touched theſe hairs, while clean- 
ing its head, in the manner that cats and other animals do, the 
hairs when moved out of their place recoyered themſelves with a 
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kind of ſpring, whereupon I thought that theſe hairs — be de- 


ſigned to protect the eyes. : 
The Mite here pictured was not one of thoſe taken out of the 
meal or cheeſe, but a piece of ſmoke-dried meat, which abounded 


with them; theſe Mites were of the ſame ſhape with others, but 


ſomewhat larger, which I preſumed might be owing to the abun- 
dance of moiſt nouriſhment they got from the meat, which thoſe 
in the meal had not; and when I put ſeveral of thoſe Mites from 
the dried meat -into a glaſs, they could not move about readily, but 
remained almoſt fixed in the place, or moved very ſlowly, becauſe 
they could not fix their claws in the glaſs, and the hairs on their 
bodies, by the ally particles they had contracted, ſtuck to the 


glaſs. 


I have obſerved theſe animals remain many weeks without food, 
and alſo to endure the cold, and even lay eggs in cold weather, 

which in about a month's time produced young Mites. 

And now, if we contemplate the wonderful regularity, as well 


in the formation, as in the propagation of this animal (the minuteſt 


as I have before obſerved, that is found about our houſes, and by 
reaſon of its minuteneſs, unknown to or unobſerved by many), muſt 
not the moſt judicious. philoſophers agree with me in opinion, that 
as it is impoſſible for an elephant to be brought forth from duſt or 
dirt, it is equally impoſſible for a Mite to be bred out of meal or 
any corrupted ſubſtance, or in any other manner than the regular 
way of generation I have deſcribed. 


Of a Maggot, which feeds on the graſs in meadows, and a Fly bred 
from it in the Spring : with Jome * of the author on the 
Graſshopper and the _ f 


IN the month of May 1 was ſhewn, by a countryman, a meadow 
which, though good land, was very thinly covered with graſs, and 
the reaſon he gave for it was, that a certain ſpecies of black, thick, 
and ſhort maggots devoured the roots of the graſs; and he added, 
that the graſs would not grow, until there ſhould be ſome hot wea- 
ther, by which theſe maggots (called in our language den Hemelt) 
would be killed. I aſked him whether he ever obſerved that theſe. 
Maggots changed into ſmall Graſshoppers, or into any other flying 
animal, but to this I received no other anſwer than, that the Maggots 

would ſoon diſappear if there were but a few hot days, and then the 
graſs would grow plentifully : and he farther ſaid, that the lower 
marſhy lands, in which graſshoppers are ſeldom ſeen, were moſt 
infested with theſe creatures. And the country people ſay, that 
after a few hot days they often ſee theſe maggots ly! ing dead in the 
fields. 

This information, which I received from different countrymen, 
was not ſatisfactory to me, for I judged that if theſe Maggots were 
accurately obſerved we ſhould ſee a different appearance, namely, 
that they would be found to change into flying animals, and the ra- 
ther, becauſe theſe Maggots are not found in numbers together, but 
diſperſed about ſingly. 

About the beginning of May I went to a meadow which was but 
thinly covered with graſs, and took with me a countryman, an in- 


telligent perſon, who lived by keeping oxen and horſes at paſture : 
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this man ſearched for the Maggots with me; I put ſome of them i in- 
to a box, but in a ſhort time they partly fhrivelled up and died; 


others of them I put on a turf of graſs, which I placed in an earth- 
en veſſel, and watered it every day; this veſſel I ſet in my ſtudy, that 


I might remember to view it frequently, and when the graſs began to 


wither, I replaced it with a freſh turf: in doing which I ſaw more 


of the Maggots lie {till on the earth, I thereupon took the turf which 
began to wither, and, taking from it the Maggots, I placed them on 


the freſh turf: and this I continued to do till the end of July, in all 


which time I perceived no alteration in the Maggots. In the mean 


time I chanced to be in the company of ſome gentlemen of reſpect- 
ability, with whom converſing on this ſubject, they told me that 
theſe Maggots would be changed into flying animals, called, in our. 
language, Speketers. But, though I was well aſſured, in my own 
mind, that ſome ſuch change would take place in theſe creatures, I 


determined to ſupply them with freſh earth, until I ſhould ſee their 


transformation. 

In the beginning of Auguſt the turf again began to os and, con- 
ſidering that ſo long as three months time had now elapſed, I exa- 
mined the turf, and took the Maggots out of the earth, when I ſaw 
one of them, which was whiter than the others, to be ſomewhat con- 
tracted, whence I judged that its transformation was at hand; where- 
upon I placed it and two others of the Maggots in a box, and the 


next day I ſaw one of them was changed into an aurelia or cry- 


ſalis, having put off its ſkin, which lay beſide it. I ſought for ano- 


ther of the M aggots which was changed into a cryſalis, but which 


I had not ſhut up in a box, and, not, finding it, I concluded it had 


changed into a flying animal and eſcaped. The other Maggots were 


in a ſhort time contracted, but did not undergo any further change. 


Plate XVI. fig. 11, ABC, repreſents the Maggot called den He- 
melt, in which, from the month of May to Auguſt, I perceived no 


alteration in ſhape. Fig. 12, DE F, repreſents the Maggot changed 


into an aurelia or cryſalis, which at firſt was in frequent motion, 


( #76 ) 
” and did not lie ſtill till that part which was its back was s placed up- 


permoſt. Fig. 13, G H, is the ſkin put off by the Maggot. 
Two days after I had perceived the change I have been deſcribing 


in the Maggots, I went to the meadow where I had found them, 
where I ſaw a great number of creatures flying about, which our 
children call Speketers, and others Mayers ;* these are repreſented 
at fig. 14, IK LM. Some of theſe flying animals I brought home 
| in a box, to ſee whether they contained any eggs, but I could find 
1 none, and the animals ſeemed to me to be all of the ſame ſhape. I 
again ſearched in the meadow, to ſee whether I could find any dif- 
ference between the males and females, but without ſucceſs. 
In the mean time I ſaw, flying in my garden, a ſingle animal of 
the ſame ſhape with the before mentioned ones, with this difference 
only, that it was ſomething larger and its tail terminated in a point, 
whereas thoſe of the others were blunted at the end. 'This animal 
I opened, and took out of its body a great number of oblong black 
eggs, inſomuch that, on counting thoſe taken out of this one animal, 
they exceeded two hundred. Others of theſe animals I found in the 
town, all containing eggs, but I did not find one in the town of the 
ſame ſhape as thoſe which I had taken in the field, which made me 
doubt whether both were of the ſame ſpecies. 
In the beginning of September, on going again to the meadow, 
J did not at firſt fee any animal, except thoſe I firſt deſcribed, and 
which are repreſented at fg 14, but after I had ſtood there a while 
I faw one of the ſame ſort with thoſe from which 1 had taken the 
eggs. This creature, ſettling on the ground at a ſmall diſtance from 
me, extended the hind part of its body downwards through the 
_ graſs, and remained in that poſture a ſhort time: this it did three or 
four times while I was looking at it, forcing its way between the 
blades of graſs ſo cloſely, that when I wanted to take it, I could not 


| From the figure given of thefe animals, it ſhould feem that they are what are called, by 
whildren in England, father long-legs, and in Summer evenings are often ſeen in our houfes. 
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eaſily * it from them, and I ſaw this performed by three or 
four others of the animals while I ſtayed in the meadow. 

From theſe obſervations I concluded that both the animals I have 
mentioned. were of the ſame ſpecies, but thoſe which I had taken firſt 
were all males, and thoſe from which I extracted the eggs were fe- 
males, the females being of a larger ſize, in order to contain the eggs 
they. were to lay; and that the ſharp points of their tails were of a 
hard bony nature, and deſigned to penetrate into the moiſt earth and 
there depoſit their 68e. which n in my opinion, would be 
barren. _ 

On my return 3 * I 8 the 8 I 4 8 
I found ſix of them to be females and ten or twelve males, ſome of 
them were coupled together, which proved them both to be of the 
ſame ſpecies; and it ſeemed probable to me that the ſtrong winds, 
which had prevailed for ſome days paſt, had brought ſome of the 
females, which had not ſtrength to reſiſt them, into the town, 1 

The next day moſt of theſe animals were dead, and I concluded 
that their deaths had been cauſed by my handling them too roughly, 

ſo as to break ſome of the many veſſels in their bodies. 
Ng. 15, NO P d, repreſents the female of this animal, and at N 
may be ſeen how ſharp pointed is the hind part of their bodies, to 
enable them to depoſit their eggs in the earth; this part is divided 
into four diſtinct parts, as joints, both above and below, Which ſe- 
parate and open themſelves, | 

The eggs of theſe creatures, of which I have Gid that I * more 
than two hundred out of one parent, are very black, and of ſo ſmooth 
a ſurface that they ſhine like black glaſs; they are about twice as 
being as broad. The ſhell of them, in proportion to their ſize, is 
very hard and thick, and yet I always found that theſe eggs, whe- 
ther laid by the animal, when confined, or taken out of their bodies 
by me, did, in a ſhort time, ſuffer ſuch an evaporation of their 
- moiſture, that the ſhells were compreſſed inwards: which ſudden 


evaporation I have not obſeryed in the eggs of much ſmaller inſects. 
You. II. 2 
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From Sense I concluded that the conſtitution of theſe creatures was 
ſo ordained by Nature, that this Maggot, in the middle of Summer, 
when the atmoſphere is very hot and the earth dry, does not undergo 
any change nor lay its eggs; for if thoſe eggs were laid in hot and 
dry earth, they would be ſoon dried up and become barren; whereby 
the ſpecies would be expoſed to periſh. But, as theſe animals lay 
their eggs in the month of September, when our lands are all wetted 
with rains, the eggs, 5 1 80 in moiſt earth, do not ING * but 
remain fruitfal. pos 


Having obſerved that the ee I had put into a box in the 
Telling of September, had laid ſome eggs in it; I did, in order 
to preſerve them; put them into a box almoſt filled with moiſt 
fand, and covered them with more of the ſame, and carried them 
in my pocket for fourteen days, to give them warmth, and ſee whe- 
ther any Maggots would be produced from them, and I daily opened 
ſome of theſe eggs, but could not ſee any appearance of young 
within Wh. 

I often opened the bodies of theſe animals, both the Hite and 
88 and was furpriſed at the wonderful number of veſſels and 
organs they contained, inſomueh that I muſt ſay, that the fpectacle 
would excite more admiration. than to view the inteſtines of larger 
animals with the naked eye; and this was particularly the caſe i in 
the hind parts of the bodies of both males and females, which, 
viewed through the microſcope, exhibited ſuch a ſpectacle, that 1 
never ſaw the hind part of the body of any animal, wherein were 
ſo many organs with their joints, the uſe of which, though doubt- 
Teſs eſſential to the animal, are to us unknown. 

Since we ſee now, as J have ſaid, that the female of this animal 
can lay more than two hundred eggs, it plainly appears, that if alt 
tte animals of this ſpecies which are bred in one ſummer were to 

increaſe in the ſame degree, within two or three years they would: 
ſo multiply, as to devour all the roots of our graſs; but by droughts. 


in the earth, great rains and ſtorms, and ſevere froſts, many of 
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them are deſtroyed, and we. are not nicſted with them equal I 7 
my _ el 


eneration e eee We may make a tranſi- 
tion to that of Wu which are found in Eaſtern countries, and 
devour the fruits of the earth, and when they have no other 
food, devour one another. We do not often fee Graſshoppers, 
(which are ſimilar to Locuſts) near this town, but I had at one 


„ 


glaſs and fed with vine twigs, but 3 that the oy ones 
devoured the ſmaller, ] ſeparated them, and found that the females 
laid above eighty eggs. Now, if we ſuppoſe, that Locuſts do the 
fame in extenfive countries where the Maggots are not expoſed to 
tempeſts, heavy rains, or froſts, (and I am well affured, that Lo- 
cuſts are produced from Maggots, from the obſervations I have 
made on Graſshoppers i in this country, which are of the ſpecies of 
Locuſts), we may eaſily conceive that Locuſts in thoſe countries 
may multiply to that degree, that they may viſit the neighbouring 
countries in ſwarms. Theſe are merely my ſentiments on this ſub- 
ject, which, however, I think more conſonant to right reaſon, than 
the notions of thoſe who dream that Locuſts come out of the 
clouds for the puniſhment * mankind, as I have often heard in 
converſation. 


2 2 


On a Maggot eh 18: found i in the bloſſoms of fruit trees, particu- 
. larly apples; the Fly from whence it is produced particularly de- 

scribed with the Author s;reasoning on the Hroduction of minute 
. flying . | | 


ALTtaoucn it ns always hens. my firm opinion, that no ani- 
mal, however minute, is produced any otherwiſe than by courſe 
of generation, nevertheleſs, I determined to proſecute my inquiries 
in the: examination. of thoſe minute Flies and other inſects, which. 
are found on the leaves of fruit- trees and plants in gardens.. 
Having heard. frequent mention made of a certain. black Fly, 
which was ſaid to be very noxious to the bloſſoms of fruit trees, I 
examined the bloſſoms on the fruit trees im my garden, and parti- 
eularly the apple-trees, and found that many of the flowers did not 
blow out fully, nor were they of a white or pink colour, but ap- 
peared. ſhrivelled and of a kind of ruſty. red. 
Upon opening. theſe bloſſoms, I found within. the leaves of moſt 
4 them a Maggot of a pale yellow colour, and in ſome of them a: 
alis, which I concluded had been changed by tranſmutation;. 
Pts one of thoſe Maggots; and as I, at the ſame time, ob- 
ſerved many black Flies on the leayes and flowers of thoſe fruit: 
trees, I concurred in the common opinion reſpecting them, and 
concluded that thoſe Flies had laid an egg on each flower, from: 
which Maggots had been hatched, and that they, being ehanged 
into cryfales, did at length produce the ſame ſpecies of black Fly. 
At the ſame time, I was of opinion, that if theſe Maggots were- 
not depoſited within the bloſſoms before they were full blown, few. 
of them would be preſerved alive, becauſe this Maggot is not in- 
cloſed in a web or caſe, as we obſerve in moſt other cryſales, and 


gnaw the veſſels of its leaves in a manner, that not only the buds 
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therefore would be expoſed to be devoured: by ſmall birds, or even 
by common ants; for I ſaw, that where an ant could find its way 
into the bloſſom, it had eaten up part of the Maggot or cryſalis. 
But theſe Maggots when encloſed within the bloſſom, do bite or 


dry, but are cloſe ſhut up, and thus afford a defence to the Mag- 
got during its growth, 1 your it is „ into a 1 8 ani- 
malcule. | 
In theſe my Ane many thin gs cocutndd to me woniry a of 
note: firſt, that in all the bloſſoms I examined, I never found 
more than one Maggot in: each flower; ſecondly, that from the 
ſmall nouriſhment it there received, it grew apace; and laſtly, that 


in a few days it became ſo PR” as to * transformed into a 


cryſalis. | 
Many of theſe bloſſoms I piitled: from the trees, Sache that 


no flower which contained a Maggot or a cryſalis, would ever pro- 


duce any fruit. Placing ſome of theſe before the miſcroſcope, I 
perceived that the cryſalis and the young animal. it would produce, 
had no affinity with: the black Flies I have mentioned; and to be 
more certain of the fact, I put into a glaſs tube four of thoſe cry- 
fales, which J carried about with me in my pocket, and at the end 
of five days, I perceived one of them had changed its pale yellow 


into a red or blackiſh colour, and ſoon. afterwards it put off the 


fkin which incloſed it, and ran about the glaſs: on the eighth 


day the tliree other cryſales put off their ſkins, but ſome of them 


were of a darker colour than others, having reſpect to uns time they 


had been in their cryſalis ſtate: 


I now perceived that, with many others, I was miſtaken, in ſup- 


poſing the blight, or rather the Maggots we perceive in the bloſ- 


ſoms of fruit trees, to be produced by the black Flies; for theſe 
animalcules, Þ was now obſerving; had, as I before mentioned, no 


ſimilitude to the bodies of the black Flies; - firſt, becauſe they were 
not nearly ſo large; and ſecondly, becauſe that which I: found 
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within the bloſſoms, when changed from a Maggot flyin 
animal, was provided with two thells or caſes, folded length) ſe 
over its wings, as we ſee inſects of the beetle tribe; moreover, the 


fore part of its head was furniſhed with a long proboſcis or trunk, de: 
zgned by Nature, as I ſuppoſe, for perforating the buds of the bloſ- 
ſoms before they were blown, and through the hole to introduce 


an egg, whereby the egg and the Maggot produced from it, might 
be protected from its enemies, particularly birds and piſmires; this 


proboſcis, about the middle of it, was provided with two horns. 


I again viſited my garden, where many of the trees were yet in 
bloom, but neither on the trees, nor on the flowers, could I diſco- 
ver any of theſe flying inſects, which had been brought to their 
perfection while carried about in my pocket; though in ſome of 


the flowers which I opened, I found Maggots, and in others ery- 


ſales, yet not in one a flying animal; whence I concluded, that ſo 


Goon as from a cryſalis they n at boot ſtate, they forſook the 


bloſſoms and took their flight. 

At the times when I took the Ae 1 hank: before mentioned, 
out of the flowers, they twiſted and bent their bodies many ways; 
but I never ſaw them move progreſſively; for when 1 placed them 


upon a paper, they could not change their place, but rolled them- 


ſelves up in a kind of ring, for theſe creatures have no feet; there- 
fore, each Maggot muſt be placed in a bloſſom by ilelf. and Saanot 
injure more than one flower. 


One thing ſeemed to me very remarkable, 1 cas. that, all the 


food which this Maggot took from the bloſſom (at leaſt, as far as T 


could perceive), became part of its body, for when examined the 
flowers wherein the cryfalis had lain, I could never diſcover any 
appearance of excrements, but only the ſkin. left behind by. the ani- 
mal upon its transformation. 

In theſe my obſervations I could not but take notice how N ature, 
that provident parent, has created this animal ſo as not only to derive 
its ſupport and growth'from fo ſmall a portion of aliment, and in ſo 


little time, but alſo by appointing it to be placed within the bloſſoms 


„„ 
of fruit trees, and chere brought to perfection for the conſervation of 
its ſpecies, otherwiſe (as before mentioned) it would be devoured by 
2 piſmires or birds: and it muſt alſo be obſerved, that theſe creatures 
have no ability of ſeeking their food at a diſtancee. 
| Beſides what T have mentioned, I had others of theſe its, 
which I kept in my ſtudy to watch their transformation, placing them 
ina glaſs, ſo as to give them a ſupply of air; but I never could per- 
ceive the leaſt ap pearance of any evaporation from them, though, as 
ſoon as they were converted into living animals, ſo great a quantity of 
moiſture iffued from their bodies as to hinder their moving, and often 
to occaſion their ſticking on their backs to the glaſs, which made it 
neceſſary for me to give them more room: here is to be noted how 
wonderfully compact muſt be the ſkin of the cryfalis, ſo as to ſuffer 
| no evaporation of its moiſture, leſt the animal within ſhould be injured 
by the want of it; and this is another inſtance of the inconceivable: 
correctneſs of Nature in her Works. 
Finding myſelf miſtaken in opinion, reſpecting the black Flies de- 
N poſiting Maggots in the bloſſoms, I determined, if poſſible, to exa- 
mine the nature of their propagation, and the rather as I aſſured my- 
ſelf that they muſt be produced by eryſales. I therefore opened ſome. 
of theſe black Flies, and J can ſafely ſay that, from a rough calcula- 
tion, I found in each female three hundred eggs. 

Going into my garden in the morning, to take ſome of theſe Flies, 
that I might confine them till they laid their eggs, and I might diſ- 
cover what kind of eryſales would be thence produced, 1 perceived 
the Flies fitting on the leaves and flowers as immoveable as if they 
were dead, and eyen, upon a gentle touch of the branches, to fall 
to. the ground ; whereas all other Flies, in warm weather, are very 
nimble. Hereupon it occurred to me that, when the wind blows 
from the North, Flies do not rove about in the air, but ſit upon the 
trees, where we obſerve them in greater numbers than when the 
air is warm; and as in cold and cloudy weather they ſettle in great 
numbers, not in the ſummits of trees, but in the lower branches, 
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many people think they are brought to us by the North wind, or 
even bred in the clouds: but ſuch men I leave in their error. 

| Theſe black Flies (and ef] pecially thoſe which I had ſuppoſed to be 
impregnated) being confined in two glaſſes, laid a great number of 
eggs, very long in proportion to their thickneſs ; whence I gathered 


that they would be changed into very long and ſlender Maggots or 
Caterpillars. But as all the Flies ſoon afterwards died, and not one 
of the eggs produced a living creature, I conſidered that perhaps 
theſe Flies might die for want of food, and that the eggs might be 
aid before their time, having often obſerved flies and moths when 
1 happened to handle them ſo roughly, that they afterwards died, 
immediately after ſuch handling, to empty them ſelves of all the 
eggs they contained. 
I did intend here to deſiſt from publiſhing any thin g farther re- 
ſpeRing the propagation of theſe inſets, deeming that I had proved 
ſufficiently, that all living creatures were produced by the ordinary 


Courſe of generation; but my friends in different parts of the world, 


exhorted me to proceed in my diſquiſitions on this ſubject, as being 
what many learned men deſire may be proſecuted. . - 

To proceed then in my examination of this ſubje&. In the 
month of May, in the following year, the weather being warm, 
and my fruit trees in bloſſom, I ſought for ſome of the flying in- 
ſecs I have mentioned, and preſently ſaw many of them coupling 
together. But though they were nimble in their motions, and well 
fitted to fly, and moreover had fix feet, and on each foot two 
. claws, yet on my ſhaking the leaves or branches ever ſo little, 
they gathered up their feet and fell to the ground; ſeveral of theſe 
ſmall animals I brought to "MF wg in a glaſs, to make my obſer- 
- vations on them. 

1 found the wings of theſe creatures to be about twice e the length 
of their bodies: but, if we conſider that thoſe wings are covered 
with thouſands of hairs, and obſerve, that when the wing is ſpread, 
not the leaſt fold or Joint can be diſcoyered in it, though it lies on 
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the body folded together, we muſt be loſt in adi 


more, when we recolle& the multitude of veſſels and join 
alſo muſcles, requiſite for the formation and e of ach a 
wing; and we may well aſk, whether any man in his ſenſes, who 
is not entirely blinded by prejudice, can contemplate ſuch a erea- 
ture, by the microſcope, without acknowledging that it could not 
poflibly be produced from corruption, or the putrefied bodies of 
other animals, and will he not rather ery out in the words of an 

eminent gentleman, who lately came to ſee my microſcopical ob- 


jects, O the depth of the Divine Wiſdom, how inſcrutable are 


re his works ! Can any man after this, be found to deny the g 1 
&© of a God? or ſuch like expreſſions. 


I cauſed a drawing to be made of this inſect, the ſame bre as it 
appears to the naked eye, which is repreſented in Plate XVI. 


fig. 16, and to avoid giving a drawing of the whole animal when 


magnified, I cut off the head, and placed it before a microſcope to 
be delineated, in order hereby, to ſhew how the careful parent, 
Nature, has created this ſmall animal, that its ſpecies may be pre- 


. ſerved, and the order and perfection with which the world was at 


firſt created may not be diminiſhed. gb 

Fi g. 17, Al, repreſents part of the head: B H are the eyes, 
which, in like manner as the eyes of Flies, are formed of many opti- 
eal organs, and appear with as many protuberances as the ſub- 
Rande, called ſhagreen, appears to the naked eye. 

CDE FG, is that organ or trunk, with which, as I uppoſe, 
the animal perforates the bloſſom, while yet a bud, in order to lay 
an egg in every bud; to which end, its extremity is provided with 


various piercers or teeth, and other weapons, which are, in ſome 


ſort, repreſented in the drawing, but the whole of which, the lim- 
ner could not copy, becauſe the animal, while alive, was opening 
and ſhutting, or extending and contracting, theſe organs, and, when 


4, ” were almoſt out o Apts and though L did all in = 


8 e 1 
power ſo to fix them, that they wighs remain n without tow 
body, I could not ſucceed. 


This organ CDE Fd, is fmetigt 195 than i it An appears, 
| bonguſe: it is bent forward, and, being viewed from behind, the 


. bend in it could nat be deſcribed, therefore I gave the limner ano- 


ther microſcope, exhibiting a ſide view of the ſame, and a ſhetch: or 
. outline of its curvature is to be ſeen at fig. 18, MN O. Thee 
D K and E L are the two horns with which this organ or crunk 
1s is furniſhed. 7 
Alfter this, I again locked over eight or ten of my * 5 | 
and, in the ſpace of half an hour, I collected thirty of theſe inſects, 
which I ſhook from the leaves into a large glaſs tube, that they 
might not be hurt by my touching them, and I might be able to 
obſerve how long they could live without food, and alſo, whether 
they would lay any eggs. While taking them, I abſerved, that 
not only, upon the leaſt motion, they drew up their feet and con- 
tracted their trunks and ſa fell down, but that ſome of them did 
the ſame upon being only touched by my hand, or by the glaſs. 

But what I moſt wondered at was, that two third parts of theſe 
inſects which I found on the trees, were coupled together, and I 
could not conceive how ſuch ſmall animals could find each other out 
in ſo large a ſpace, and the rather, becauſe in a tree, the circum- 
ference of which was more than thirty-ſix feet, I only found four 
or ſix of them, but all in couples 

Obſerving that theſe inſects could run along o or ſtand for a ang 
time on any ſide of the glaſs, even with their feet upwards, I was 
defirous to examine accurately the formation of their feet, and, in 
this little creature, I ſaw ſuch perfectly formed limbs, enabling it 
to adhere to the glaſs, and to run along upon its ſurface, as diſ- 
tinctl y, as I had ever ſeen in other larger flying animals. | 

Fig. 19, PQRST, repreſents almoſt a fourth part of ane of * 
legs, conſiſting « of four diſtin& joints: the other part of the leg has 
only two joints, At R and S, are two claws or nails, Which are 


197% 3 7 ; 

In ſome ſort tranſparent, 2 a piece of horn or tortoiſe-ſhell,. ſeen, 
with the naked eye, and at Q and T, are ſhewn. the organs, by the 
help of which the animal can run along the ſmooth ſurface of the 
glaſs, and alſo hang to it a whole night. The formation of theſe 
organs 1s very wonderful, for all thoſe parts. with which they are 
covered, and which one would conclude to be hairs, are ſo exactly 
and regularly floped off, and particularly of ſuch regular lengths, as 

if they had been all clipped with ſciſſars, that when the animal 
places its foot any where, they all touch the. place at the ſame time, 
and what is more, all theſe particles, which ſeem to the eye to be 
hairs, have at their extremities a hook, and, at a little diſtance 
from thence, two-other hooks ; but by reaſon of their extreme mi- 
nuteneſs, though the limner confeſſed he ſaw them through the mi- 
croſcope, he declared he could not repreſer nt them in the drawing. 
Now if we conſider, what I have always experienced, that a 
glaſs, though waſhed ever ſo clean, will have many particles ad- 
hering to it, though theſe are ſo ſmall, that the claws on the feet of 
ſmall flying inſects cannot take hold of them, we may eaſily con- 
ceive that theſe minute hooks, may take hold of the ſmall particles 
of water or motes from the air adhering to the glaſs. And here 
we may. diſcover the error of thoſe who formerly ſuppoſed there 
were cavities in glaſs, wherein Flies could fix their claws and 


climb u P> : ; | | 


In the ſpring ſeaſon. l obſerved, on foreral parts of my AE trees, 
many caterpillars gathered together, which, in moving from place 
to place, faſtened themſelves by a kind of thread, and I began to, 
conſider, whether theſe were produced by the black Flies, and it 
ſeems they are called by gardeners de Wolf. To ſatisfy myſelf in 
this reſpect, I cut off from the apple tree, two branches, on which 
were theſe caterpillars. placing the ends cut off in a veſſel of wa- 
ter in my hall, in order that the leaves might remain freſh, and 
afford nouriſhment to the caterpil lars: when the leaves began to 
A a 2 
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wither, I placed freſh branches near the others to which the or- 
a * ars removed themſelves. 
hen theſe caterpillars came to their Full gerd, they pie 
to encloſe themſelves in a web ſimilar to the-filk worm, with this 
difference, that at one extremity of their web-or caſe, there was a 
ſmall aperture. A repreſentation of this web is given at „g. 20. 
Theſe animals, thus incloſed in their web, I put into a glaſs tube, 
together with feveral others of the ſame kind which I had found on 
the apple trees, placing the whole in a large glaſs. After ſome 
time, I faw come out of the greateſt part of theſe webs certain 
white flying inſets, having their wings diverſified with black 
ſpots; they were ſomewhat ſimilar to thoſe flying animals found in 
granaries, and proceeding from the Maggot, which mealmen, and 
| bakers likewiſe, call de Walf, and of which I have treated fully in 
another place. I was defirous of keeping theſe creatures alive till 


I I ſhould ſee whether they would lay eggs, but they all died. 


J have cauſed a drawing to be made of this flying animal, as it 
appeared to the naked eye, when come out of its web, and this is 
to be ſeen at fig. 21. To have made a drawing of it from the mi- 
croſcope, would have been too troubleſome, by reaſon of the mul- 
titude of feathers with which, not only the wings, but the feet, the 
horns, and the whole body were covered, and alſo by reaſon of a 
crooked organ an the fore part of its head; the true form and make 
of which I was not able to obſerve with ſufficient accuracy. 

Among theſe flying animals, I ſaw in the glaſs two blaekiſh 
Flies, which I conceived muſt have been produced in this manner, 
namely, that ſome black Fly of the ſame ſpecies having laid its egg 
upon one of thoſe caterpillars, the Maggot thence produced had fed 
upon the caterpillar till it had acquired its full growth, and there- 
upon was changed into a black Fly, inſtead of the web producing 
a white flying animal with black ſpots. 

In one of the glaſſes, wherein I had incloſed the webs I have 
mentioned, there iſſued from thoſe webs not only the flying animals 
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I have Juſt deſcribed; but alſo a great number of Flies, ſo very mi 
nute, that T ſhould not have imagined they could exift in the open 
air, for that the heat muſt cauſe all the moiflare* in nnd BEOS to 
evaporate, jp 
The ſight of theſe Flies cauſed me to open all the webs wh 

had been left in the glaſs, and in one of them I found a great 
number of minute ſkins or cafes, from which thofe Flies had pro- 
ceded by tranſmutation from aurelias. From whence I concluded, 
that a minute Fly of this ſpecies, muſt have laid many eggs in the 


aperture of one of theſe webs, and the Maggots hatched from thence, 


muſt have fed upon the. caterpillars in the web, until they came to 
their full growth, and then within the web be changed into thoſe 


minute Flies; otherwiſe, in my opinion, that ſpecies of Fly would 


become extinct. For we muſt lay it down as a truth, that many 
flying animals live on nothing but other living creatures, and for 
want of which food many of them die, efpecially the ſmall ones, 
among which may properly he reckoned Flies : for if many Flies 
could not find particles of fleſh whereon to lay their eggs, wy mag= 
gots bred from thoſe eggs muſt periſh, 


This innate diſpoſition and foreſight in ſmall animals leading them 


to lay their eggs in thoſe places where the young maggots may find 


food and nouriſhment, will appear ſtrange to many. But if we 
conſider the nature of larger flying animals which are familiar to 


us, and that we never ſee geeſe, ducks, or ſwans, make their neſts 
in trees, or in fields far diſtant from the water, but always on the 
banks of ditches or rivers, becauſe they do not bring food to their 
young, who are by nature deſtined to ſeek it for themſelves ; and 
therefore the parents, when the young are hatched, do no more 
than tend on them and protect them from enemies; whereas, on the 
contrary, we ſee that birds who are able to bring food to their 
young, build their neſts on the tops of trees and other high places, 
and that the young remain in the neſts, and do not endeavour to 
follow their parents, however hungry they may be, we ſhall ceaſe 
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to wonder, that an inſect lays. its eggs near the body of another; 
while in an aurelia ſtate, where the young maggots may find nou- 
riſhment. And laſtly, if we ſee in quadrupeds, that many wild 
- beaſts have no other food than the bodies of thoſe beaſts which 
they devour, that there are many birds who feed only upon birds, 
and that the ſame almoſt univerſally obtains in fiſhes, it will not: 
appear ſtrange to us, that ame: minute fying animals, ſome feed 
on other. 
I cauſed a drawing to be made of this very minute ſpecies of Fly, 
the ſize it appears to the naked eye, which is ſhewn at, fig. 22, with | 
A circle round it to make it more apparent; for I muſt confeſs, that 
when viewing it through the common ſpectacles with which WM 
write, I could not diſcover it to be a Fly. At fig. 23, ABCD, I 
have given a repreſentation of one of the wings of this Fly, as ſeen 
through the microſcope, in order to ſhew the wonderful forma- 
tion of ſo minute an animal. Theſe wings, which are four in 
number, are covered both on the edges and on their ſurface, with 
a great number of hairs, nine in points, like thoſe on our 
hands. | | 

One of theſe minute Flies I placed before a microſcope of mucti 
leſs magnifying power than that from which the wing was drawn ;. 
by this we ſee it to have two pretty horns on its head, each com- 
poſed of many joints, and every joint covered with hairs. And 
in contemplating the horns, I took notice of the eyes, wherein 1 
plainly. perceived many optical organs of which each eye con- 
ſiſted, as we obſerve in larger Flies. All theſe- objects are repre- 
ſented at fig. 24, EFGHI. 

In contemplating ſuch minute animals as this, and conſidering 
that no part of them is made in vain, but that every one has its uſe, 
we ſee ſtill further reaſon to admire the perfection of ſo minute a 
creature. And when we ſee the ſtupendous wiſdom of Nature's 
operations in the greateſt, and in the leaſt of her productions, we 
may well cry out again 2 and again, i {ALY with the blind croakings 


© wr. 
n vf thoſe Sllowers of Ariſtotle, WhO pA their writings endeavour 
to darken the truth, and to perſuade us that flying inſects or any 
other animalcules can be produced from corruption! 
I There'/is another ſpecies of minute Fly, which I believe lays its 
eggs in ditches, from which maggots are hatched, and thoſe mag - 
gots again become Flies of the ſame kind. I have not thought it 
worth while: to purſue a minute inveſt] ration, as to its being 10 pro- 
pagated, becanſe' the fact is, I think, already ſufficiently. eſta- 
bliſhed; but the feathers on its head, its eyes, horns, and wings, 
when viewed by the microſcope, are ſo wonderful to behald, that 
I have cauſed drawings to be made of ſome parts of it. 
Fig. 25, is the Fly of the ſize it appears to the raked eye. 
Fig. 26, is one of the wings viewed by the microſcope. yp 
Now, if we conſider, not only the multitudes of hairs, as 
well round the edges of the wing, as in the other boney parts, 
which give it ſtrength ; and alſo the incredible number af very mi- 
nute hairs with which the membrane of the wing is coyered, and 
which the limner, as near as he could, imitated in the drawing ; 
and that all theſe cannot be compared with the great number of 
hairs with which the Fly's body and its feet are covered; and if we 
moreover confider, that each hair is not formed of a ſingle veſſel, 
but of many, we muſt needs ſay, that there is a greater cauſe for 
admiration and reflection, in the contemplation of ſo ſmall inſig- 
nificant an animal, than in that of a horſe or an ox. And the 


ww 


deeper we endeavour to ſearch into the ſecrets of Nature, the leſs 


we are able to conceive the minuteneſs of the particles of which 
bodies are compoſed. And to give ſome idea of which minuteneſs, 
I have made theſe remarks on the wings of ſmall flying animals. 
Fig. 27, repreſents one of the two horns on the head of this 
ſmall Fly, 
And here we muſt ſee, that 3 is more wiſdom, perfection, 
and curious workmanſhip, in the formation of this ſmall Fly I have 


OO ET TIS - 
r 


= — tt. — — 
= 2 S = 8 o = AI = 
ans Hs has — ag 
6 n * r — l 
5 D * q aaa. - hes * TIES 8 > 5 
. rr — = 


So: = rn 83 


ä * 
A 1 gt 


= 2-0 > — _» 
[LE 3 I. 
— = 


„ 


„ 


323 1 — 32 * 
”  _— — = — — 
r 


5 — 
n 


(wy) 


— —U the lirge dody-0f x hole; 22 alf 


muſt conclude, which I lay down for certain, that not only this 


ſpecies of Fly, but every living creature upon the earth, are by no 


means produced from any kind of corruption or putrefaction, but 


derive their origin from thoſe creatures which were made at the 


Beginning, or a very ſhort time after the parts, whereof our world 
conſiſts, were brought into exiſtence. Finally, the more we re- 
fle& on the conſummate wiſdom and ſkill of the Creator of the 
Univerſe, the leſs are we 2 to form ee ideas of his Per- 
fections. 


— 


* — 
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of a very noxious Animaleale, which in "y ſoring inf 1 the young 
| Shoots bs Fruit trees. 


8 frequently obſerved the d at the nd of the young 
ſhoots of govſeberry trees, and alſo on cherry and peach trees, to be 
very much contracted, and, as it were, rolled up, by which means 
the growth of thoſe trees was impeded ; and perceiving at the ſame 
time, many a ants on the leaves ſo contracted, I at firſt adopted the vul- 
gar opinion, that the ants alone were the cauſe of that contraction 
in the leaves, and conſequently, of the impediment to the growth of 
the branches. In one year my cherry trees were ſo much infeſted 
with this contraction of the leaves, or rather by the Animalcules | 


concealed in them, that, out of about thirty of thoſe trees, only two 
or three ſmall ones were unhurt. 


I therefore determined to examine for whit purpoſe the ants 
reſorted to thoſe young leaves, and what was the cauſe of the 
leaves being contracted ; in doing which, I ſaw that the contracted 
leaves, and eſpecially thoſe on the gooſeberry trees, were covered 
with a great number of dark-coloured Animalcules, and that thoſe 
which were moſt full grown, and were about the ſize of a half 
grown louſe, were of a darker or blacker colour than the ſmaller 
ones. Theſe Animalcules were ſome of them ſo minute, as not to 
exceed the ſize of a common grain of ſand. Upon ſight of theſe 
creatures, I concluded that the ants reſorted to the contracted 
leaves for no other purpoſe, than to devour theſe Animalcules on 
them ; and I was confirmed in my opinion, by ſeeing ſeveral, both 
of the Imaller and larger ſort, to be almoſt wholly conſumed ; ſa 
that nothing except their ſkins and feet remained, 
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1 cut off a ſhoot from a cherry tree, which brought into my 
houſe, in order to examine theſe Animalcules more narrowly, and 


the rather, becauſe moſt of the vermin which infeſt our fruit trees . 
are, in their reſpective ſpecies, nearly of the ſame ſize, and are 


generated from caterpillars, which become creeping or flying ani- 


mals; and, in like manner wr: ſorts of __— known to me, are 
ee 


I again looked over many of the Wawa in order, if poſſible, to 


difcover the eggs from which theſe Animalcules were produced, 


and the rather, becauſe I was certain, that their bodies were not 
compoſed of annular parts or rings, as is the caſe with flies, butter- 
flies, and the like, which are produced from caterpillars, or mag- 
gots; and from thoſe rings or diviſions in their bodies, they have 


the name of inſects, among which the flea is alſo to be reckoned. 


But all my ſearch was to no purpoſe, at which I was much ſur- 


priſed, that among ſo many minute animals, not an egg was to be 


found. This ſeemed to favour the opinion of thoſe who will have 


it, that ſmall living creatures are produced ſpontaneouſly, but ſuch | 


a notion appeared to me altogether impoſſible, though, at the ſame 
time, I was at a loſs how to inveſtigate the generation of theſe 
creatures. At- length, I determined to open ſome of the largeſt of 
them, in hopes of finding eggs in their bodies 3 but, inſtead of eggs, 
I found, not without great admiration, young Animalcules in the 
bodies of the larger ones, and in ſhape fa like the parent, that one 
drop of water cannot be more like another, and I extracted not a 
ſingle young one, but four, completely formed, from the ſame pa- 
rent, Hereupon I judged, that it would be moſt expedient to cut 
off all the twigs and leaves of the peaches, cherries, and gooſe- 
berry | trees which were infeſted with theſe creatures, and throw 
them into the water to drown them, and try whether I ſhould nog 
rn be leſs infeſted with theſe vermin. | 

-. Theſe diſcoveries led me to conſider, whether theis Abalone 
ber the end of ſummer, or when the leaves fall off, might not 


<5) 
lodge thernſelves in che trunk or branches of the trees, to ſhelter 
theinſelves there during the winter; and; in order to inveſtigate 
that matter, having a gooſeberry tree, which had been ſo infeſted 
with theſe animals, that it had grown very little during the ſum- 
mer, and I had therefore determined to root it up, I ſuffered. it to 
ſtand till the 15th of the following January, when, after a long froſt 
and rain following, I cut a branch from the tree about a ſpan long, 
in a place where it was the thickneſs of my finger, and, examining 
it by the microſcope, I ſaw among the cracks in the bark, and 
among the ſmall dry leaves where the new bud was about to ſpring, 
and which fall off when the bud grows larger, and alſo among 
ſome fragments of - moſs adhering to the branch, ſeveral of theſe 
Animalcules, which all ſeemed full grown. They were not only 
dead, but the hind parts of their bodies were perforated with a 
round hole, and their entrails gone, whence I gathered, that provi- 
dent Nature had aſſigned theſe creatures their enemies, to prevent 
their ſpecies n too faſt, and alſo for the ſuſtenance * other 
animals. | 
In this ſearch; I happened upon an Animalcule . times 
0 maller than the former ones, which moved its head, horns, and 
feet; and it alſo appeared to me, that it had been prodiiced by 
tranſmutation from a maggot or caterpillar, becauſe I could plainly 
diſcover in it, thoſe rings or annular parts we obſerve in maggots, 
L alſo ſaw adhering to this branch a ſubſtance, which, upon more 
accurate inſpection, I took to be the web of ſome ſmall maggot, 
and on this were four eggs, the ſhape of birds' eggs, but no larger 
than ſmall grains of ſand, and which I thought might, perhaps, be 
the eggs of the before mentioned living Animalcule. | 
But what to me appeared moſt wonderful was, that I diſco- 
vered two Animalcules; in ſhape like thoſe called by children 
lady-birds, but ſo minute, that a hair taken from my hand, was 
more than four times their thickneſs, and, upon comparing them 


ith a grain of ſcowering ſand, it was, in my Judgment, three 
Bb2 
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Hundred and fifty times as large as either of them : one of theſe 

Animalcules was alive and moved its feet, and I was certain it was 
of full ſize, becauſe it appeared to have been produced from a 
maggot: and I the more wondered at the ſight of ſo minute an 
animal, becauſe I could not have imagined ſo ſmall a creature 
could live in the open air; for, if we ſuppoſe the one half of this 
animal's body to conſiſt of a thin or watery ſubſtance, one would 
conclude, ſo ſmall a quantity would be ſoon evaporated ; but yet, 
when we find that ſo ſmall an Animalcule remains a long time 
alive, we muſt conclude, that Nature, our kind and proyident mo- 
ther, has formed the ſkin of this animal fo hard and ſolid, that lit. 

tle or no moiſture can be evaporated from it. 

Theſe were my obſervations during ane ſummer and the winter 
which followed. On the 17th of May in the following year, I did 
not find, among all my gooſeherry trees, above three or four 
branches the leaves of which were contracted, Upon opening thoſe 
leaves, I found eight or ten of the before mentioned Animalcules, 
and among them one of a dark colour, inclining to black, and larger 
than the reft. This, on account of its ſize, I judged to be a fe- 
male; and upon opening it, I took out of the body twenty-one 
young ones, of which one ſeemed ta be completely formed, and 
of a lighter green colour than the parent; the others were af ſuch 
different ſizes and colours, that in the ſmalleſt, I could neither diſ- 
tinguiſh the eyes, nor the green colour. 

I opened ſeveral other of theſe Animalcules, which E deemed ta 
be females, and took out of their bodies many young ones; in ſome 
more than thirty, and in none leſs than twenty, of different ſizes, 
and ſome ſo ſmall that 1 could neither diſtinguiſh their limbs nor 
2 

On the 2oth of May! cut off three branches of this year” s growth 
from a gooſeberry tree, on which branches I was certain there was 
no animalcule of this ſpecies; theſe I put into a veſſel of water, and 
vn the tops of two. of them I put two and on the third branch three 


ſtood near that where the branches were, ſome ants, which were 
among the flowers, crept into the branches and killed ſome of the 


. ps, R l e e 8 FFG . 1 F Ea Ach N 9 2 . * a . | | 
2 SS ˙·-Ä Ye OLI IG on rs / ˙%/ IS nd als 131111 ͤͤͤK kale oa er it R oo te a Os Oc. £4 > TAN * V 8 : EY f 
2 n res NB Se VL Ng SEE EE Et ͤ ff Eg es Ig 22g R n 8 * F 4 


« 1070 
of thoſe Animalcules, which I deemed by their ſize to be ſemales, in 
order to ſee how ſoon, and to what degree, they would bring forth 
young : and, in twenty-four hours, two of theſe produced nine 
young ones and a third fix; they continued to increaſe, but there 
being a veſſel, with flowers in it, brought out of the garden, which 


Animalcules, for I could plainly ſee that their bodies had been, in 
great part, devoured by the ants, Hereupon I killed all thoſe ants, 
and placed the veſſel containing the branches in a duh. full 1 n 
to defend the acceſs to it from ants. 

In theſe and others of my obſervations it aa to me hate our 
common ants, which I had always deemed very pernicious inſects, 


on account of the damage they do in our gardens, by devouring the 


fruit when ripe, do, on the contrary, in the ſpring, when there is nd 
fruit, live upon other ſmall creatures; ſo that J am doubtful whe- 
ther the damage they do is s greater than * utility they are of in th 
ſpring. 1084 


Hereto I muſt add, that 1 "I been at: ſome times very much in- 


feſted with ants, ſo that I cauſed them and their eggs to be dug up 
and thrown into the water : but afterwards my method was, where 


an ants' neſt was found, to cause its opening to be ſtrongly preſſed 


down with the foot, to deſtroy the ants in their neſt: and, if ants 
were found among the trees, to ſtamp the earth cloſe round the trees, 


in order to keep the ants within the ground, and prevent their bring- 
ing food to their young, whereby both would be deſtroyed, and by 
this means I almoſt wholly freed myſelf from them. 


On the 30th of May I again examined the branches I had nlped 


in my ſtudy, and found many young Animalcules on them, {ome of 


which were conſiderably grown; and J alſo perceived that it was in 
the nature of theſe creatures to change their ſkins, for 1 found ſe- 


veral caſt ſkins, in which I could plainly ſee the feet, horns, hairs, 
and claws.on the feet; and in theſe ſkins, which were very tranſ- 
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| parent,” ha not only ſaw many veſſels, but I could diſcover _ df 
the eyes, or optical organs, with which this creature 15 3 all 
which were a pleaſant ſpectacle to behold. 1 
Hitherto I had been of opinion that theſe Aniinalcules fed only on 
the: veins or veſſels of the leaves, and that their breaking or biting 
them cauſed the leaves to contract; and under which contracted 
leaves the animals ſheltered themſelves from the heat of the ſun; 
but now I ſaw that they; for the moſt. part, fed on the very ſmall. 
buds and alſo on the ftalks of the leaves, the veſſels of which being 
wounded cauſed the leaves to contract in their growth, and the nou- 
riſhment from the young ſhoots being, in a great meaſure; taken 
* the ſhoots grow knobbed and crooked. 
Upon recollecting that, in the former ſummer, 1 had ben on my 
plus and apple trees a great number of flies which, as I thought, 
had ſo impeded their growth that not only the apples were very ſmall; 
but alſo the young ſhoots were very defective, I now determined to 
examine into the true cauſe of that appearance. 
I could not, in my ſearch, diſcover any eggs of thoſe flies in my 
apples, peaches, and plum trees, but I now ſaw all the young ſhoots 
of one of my gooſeberry trees to be uncommonly contracted, and on 
it I not only ſaw a great number of thoſe Animalcules I have de- 
ſcribed, which breed their young within them, but alſo many black 
flies, whoſe bodies were not larger than the bodies of those Animal- 
cules. I therefore pulled up the tree and threw it into the water, 
concluding it impoſſible to extirpate all the Animalcules and ſave the 
tree's growth, having ürſt cut off two branches of it for further ex- 
amination. 
Theſe flies have four wings, the two largeſt of wha are twice 
F the ſize of their bodies; I could not, at firſt, think they were pro- 
duced from the other Animalcules, but, upon examining them by 
the microſcope, I found the bodies of both of them to be very ſimi- 
lar, and, after ſeveral repeated obſervations, I ſaw that the firſt men- 
tioned Animalcules had, on each fide of their bodies, a long white 
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protüberaft part, Which, upon examination by UP mictolerpe; 1 


found to be wings. I alfo opened the bodies of ſeveral of the flies, 
and in them I found young ones of the ſame form, and in like mim- 
bers, as the other Animalcules, all which plainly proved to me that 
theſe Animaleules, | Iran þ _ Fun, 1 are en wr 
into flies. h 9 i 
As I was affured that the Animaleules which bad Wen bred m. my 
HGuſe, and were no fourteen days old, had grown to their full ſize; 
] opened three of them, and from the body of one of them I took 


about thirty young ones, of different ſizes; from another forty-nine, 


and from the third ſixty. At this very great increaſe I was aſtoniſhed; 


and was deſirous to examine all the gooſeberry and other trees in my 


garden, in order to extirpate theſe noxious animals as much as po: 
ſible; and the rather, becauſe when' changed into flies, they can fly 


into other trees, and ſo infe& the whole. But though we may clear 


our gardens ever ſo much, . . be ſtill liable to be . from 
neighbouring ones. 


Some of theſe Keiitdiateriies: wt change I judged x was near, 1 


: put into a glaſs, in order, if poſſible, to obſerve the nature of ſuch 
change; and, after a day or two, I ſaw one of them put off its ſxin 
and aflume a new form: its wings, which before had been folded up 
very cloſe, it expanded by degrees; ſhaking them ſlightly, and then 


they appeared as ſtraight and regularly placed as if they had never 


been folded up, and the ſame I obſerved in others. 
This kind of propagation appeared to me more wonderful than 


any I had before obſerved; if we conſider that ſuch minute Animal- 


cules, as thoſe we are now conſidering, ſhall, within thirteen days 
after they are produced from the parent, breed within them ſixty 
young ones, many of which can be ſeen to be completely formed; 

and moreoyer that theſe Animalcules, after iſſuing from their parent, 
ſhall, in their growth, many times change their ſkins, produce 
a number of young, and laſtly be changed into flying animals which 


continue to bring forth young ; this muſt appear wonderful, and be 
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4 Confirmation of the principle; that all living creatures deduce their g 
origin from thoſe which were formed at the Beginning. rde 

And if we compute how many Animalcules one e may pro- 
duce in the courſe of a ſummer, reckoning from thoſe we find in 
their bodies, without conſidering thoſe that eſcape our HENS; we 
muſt be filled with aſtoniſhment. © 

Although theſe Animaleules were propagated ſo noudly' in my 
houſe; as I have before ſet dow, ; 1 have found that in the open air 
. inereaſe ſtill faſter. 
I have alſo obſerved 3 — ſort oh theſe e a little 
diff rent from the former, for the bodies of the former were not only 
fomewhat broader, but, when I examined their heads and the hind 
part of their bodies by the microſcope, I found that thoſe parts were 
alſo different: for the former, when full grown, had a dark colour, 
appearing blackiſh ; the latter were green, and ſo were the flies pro- 
duced from them. T alſo ſaw theſe two ſpecies of Animalcules mix 
one amohg re * whence I concluded that 125 were the two 
ſexes. 
As ſuch as the young of theſe Animaleules come PEER the pa- 
rent, they can creep about, and appear as vigorous, as if hay had 
been long in the open air. 
I have cauſed drawings to be made of theſs Animalcules, in order 
to ſhe the exact regularity and perfection which are ſhewn in the 
ne of ſo contemptible a creature. | 

Plate XVI. fig 28, repreſents one of theſe Animalcules of a light | 
green colour, the ſame ſize it appeared to the naked eye. Fig. 29 
ABCDEFGH, is the ſame ſeen through the microſcope, being 
of its full growth and approaching to its change; the wings, folded 
together, begin to appear, and may be ſeen in the figure at WX. 
At K L MN, are the fix legs with their joints, covered with many 
very thin and ſhort hairs, and each of the feet furniſhed with two 
claws. At F, is one of its two beautiful eyes, the wonderful for- 
mation of which, as it appeared through the microſcope, the limner 
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could Ae in the drawing, - IT, ſhews'the trunk, or piercer, 
which the animal ſtrikes into the h "or Balk, on Which il foods: 
ELL, are the two horns, | 
In the hind part of its body this Andmsteule has reo paris, or r or- 
gans, thicker in the middle than at the ends, which ate curiot 
covered with round ſcales, placed in exact order beſide each other 
thereon, as ſhewn at C and B, and from theſe organs I often ſaw a 
ſmall drop of very tranſparent liquor iſſue, as ſhewn at B. This ſmall 
drop exhibited a very pleaſant ſpectacle to me, for, when removed 
a little further from the microſcope; it had the effect of another mi- 
croſcope, ſhewing the objects, as houſes, ſteeples, and the like, in- 
verted, and ſo minute and delicate in their appearance, that could 
ſcarcely be believed. When this drop of liquor was emitted from 
one of che organs. B or C, 1 ſaw that the organ from which it iſ 
ſued was im mediately drawn in towards the animal's bod. 
D'TVE, is the point of a needle, to Which this. we was 
faſtened when the drawing was made. 


Ng. 30, is the ſame Were h he the few it was ; when abe 
into a fly. 


While the limner was cmplojen' in making the ere Wiesen 1 
diſſected ſome more of theſe Animalcules, and having taken out ſome 
of the unborn young ones, I placed the moſt perfect one of them 
before a microſcope, and eauſed a drawing to be made of it, which 
is ſhewn at Jig. 31, OP: this animal's body appeared to be covered 
with a membrane, but the limner could not copy in his drawing all 
the parts which were to be ſeen, becauſe the moiſture of it in a very 
ſhort time evaporated, and thereby the ſhape was altered. T alſo 
gave the limner another microſcope, before which I had placed eight 
undorn Animaleules, in all which the eyes could plainly be ſeen, 
and of theſe he made-as corre a drawing as he was s able, which i is 
ſhewn at ig. 32, GRS. 

In g. 28, at F, I have ſhewn one of the curious eyes of this 


Animaleule, but meeting with one of the put-off ſKins, 1 in which 
Vor. II. | Cc 
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the formation of it could be ſeen more accurately, I placed it; by | 
itſelf, before a microſcope of greater magnifying power, and cauſed 
a drawing of it to be made, in order to ſhe the perfection exhi - 
bited in ſo minute, and to us ſo deſpicable, a creature. Fig. 33, A B, 
repreſents this eye as ſeen in the put- off ſkin, and it appears to be 
compoſed of a great number of diſtin eyes or optical organs. 

After this I opened the bodies of others of theſe n 
nder to ſee whether the young ones within them ſhewed any ſigns 
of life, and I found one of the young Animalcules, in whoſe body 
J could not only ſee the motions of the inteſtines, but alſo its feet to 
move, though they lay regularly placed on the ſides of its body. 

On the 6th or 7th of June, I ſaw that many of the Animglenles, 
which had been brought forth on the 21ſt of May, were changed 
into flies, and ſome of the leaves on the gooicherry ele * ; 
on I kept them began to wither. _ 
til the 5th of June, I had often ſonght hos theſe Anlpulegics 
on my cherry, peach, and plum trees, but found none: on the 7th 
of June, upon making farther ſearch, I found ſome of them on 
fourteen different branches of the cherry trees; they were not green 
but blackiſh, the young ones round about them were of a dark co- 
lour, and in one leaf I ſaw five Animalcules,” full gow! which 
had one hundred young ones round about them. 

I opened many of theſe Animalcules, and took many young ones 
= of them of the ſame kind as before mentioned, but theſe laſt 
young ones were of a dark colour. I alſo opened ſome Animaleules 
which ſeemed to be half grown, and found in them many imperfectly 
formed young ones, and, to the beſt of my judgment, I counted ſixty 
in the body of one of them, beſides which there were doubtleſs many 

which I could not diſcern; the largeſt of theſe were of a green colour. 
be did intend here to have finiſhed my obſervations, | but ſeeing 
that theſe laſt mentioned Animalcules were only on the cherry trees, 
and perceiving ſome little differences in their formation from thoſe 
I have before mentioned, I determined to o try whether theſe lat 
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would Pry on the a tree; I therefore took three 
branches of this year's growth from a gooſeberry tree, which I put 
into a veſſel full of water, and put on each of them a cherry tree 
leaf, whereon were many of thoſe Animalcules, judging, that as the 
cherry leaves began to wither, they would leaye them. and remoye 
to the Sooſeberry leaves, which they accordingly did. But they did 
not remain cloſe to each other, as they had done on the cherry 
leaves, where they had food cloſe to them, but diſperſed themſelves 
among the gooſeberry leaves, creeping up and down among the 
branches. I then put two twigs of the cherry tree in the veſſel cloſe 
to the gooſeberry branches, and ſaw many of the Animalcules quit 
the gooſeberry and remove to the cherry branches; thoſe which 
did not remove to the cherry branches, I found afterwards gad 
others got down to the water and there periſhed. . 

On the 23d of June, I was much ſurpriſed to ſee a great num- 
Nos of the Animalcules ſtill remaining on the cherry branches, and 
on the 26th, I ſaw ſome of them changed into flies; but what I 
moſt wondered at was, that ſome of the Animalcules, which I 
judged had lived throu gh the Whole winter, were not yet changed 
inte flies. 

I obſerved, among other thi ngs, that as Fans as one of theſe 
Animalcules had en off its 445 and was changed into a ay, it 
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rom the ſides of their, bodies, to which they before were cloſely 
attached, and in the ſpace of two minutes acquired their full ſize; 
and, at this time, I thought I ſaw the Party: of the Ing not only 
hams but alſo encreaſe in ſize. 

Moreover, I opened ſome of the W e which. were 
ear into flies, and took ſeveral young ones out of their bodies; 
theſe animals had alſo a piercer, which they thruſt out of the or- 
gan, fig. 28, II, and which is there ſhewn at I A: this is put off 
with the ſkin when they undergo their change. 
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Another circumſtance appeared to de particularly . of hats, 
hae L ſaw about fifteen of theſe An es, whoſe bodies were {0 
fwelled; that they feemed almoſt globular: fome of them were 
dead, others moved but little, and upon opening them, I — 
their ſkins very tough, compared with others of the ſpecies, 
on the inſides I found no appearance of any young nor any bowels, | 
but only a white thick maggot, which took up almoſt all the ſab- 
ftance of their bodies. I put twelve of theſe, ſome of them living, 
others dead, into a glaſs, and in a little time they were all dead. 
But after eight days, namely the 24th | of June, I opened one of 
them, and took out of it a living maggot, which lived for the 
ſpace of three days in the glaſs wherein I put it: this maggot ap- 
peared tome, like thoſe produced from the eggs of ants; for like 
thoſe maggots, it ſeemed ineapable of moving from 0e place, 
as-it had no other motion than what conſiſted in n _ con- 
r its body in a ſmall degree. _ 

I was aſtoniſſied at this ſpectacle, reſpeding which. 1 Wald . 
no other eonjecture, than that theſe Animalcules had been impreg- 
nated by a female ant laying its egg in the hind part of the animals 
body, which is the only way I could conceive that the wo 
from an-ant's egg could be found in that place. 
I opened ſeveral others of theſe Animalcules, at Aifferant. * 
and found maggots in all of them; but I could not, in any inſtance, . 
extract the maggot without 1 injuring it. I left ſome of theſe Ani- 
malcules which were dead in the glaſs; and after a few: days, E 
found that the maggots within them were dried u: 
On the 26th of June, I found on a plum tree, on which 1 could 
not for three days before diſeover any, a' great number of green 
Animalcules, the largeft of them about the ſize of a common louſe, 
and with which ſome of the leaves were ſo covered, that their ſur · 
face could not be ſeen, and this for ae — by Azirgalcales 
but lately brought forth = 


I took a haf on which * Oe two large ones, and two or 
. young/ ones, ſuppoſing that the full grown ones had not yet 
brought forth many young; one of theſe I opened, in order, if 
poſſible, to Compute the number of young I might take out of it, 
and I thought that the young which I could diſtinguiſſi, and thoſe 
particles which I conſidered to be young ones yet unformed „ ex- 


, ceeded the number of ſeyenty.-. 


At the ſame time, I ſaw, among many others, ſix Animalcules 


changed. into flies, in all which I found, upon opening them, a great 


number of Animalcules, and, among the reſt, one that was upon the 
point of being voided by the parent; and I not only ſaw it move. 
but I could ſee the inteſtines within it move about as > vehemently as 
if it had been a parcel of living ereatures. 

But what ſeemed to me the moſt extraordinary of all: my tie; 
tions was this: that in every one of the Animaleules which I opened, 
though but of a middling ſize, I found young ones, and alfo upon 
opening ſome whoſe bodies were very. ſlender, and which, for that 
reaſon, I thought might be males, yet among theſe and all others 
of the Animalcules, I have been deſerib ing under this head, 1 . 
not find ny that could be deemed ko 


number of round and pellucid particles, which, I doubted not, 
would in time have become perfect young ones; ſome of the 
largeſt of theſe contained ſome green particles, and moreover, they 
were of different ſizes, the ſmalleſt of them appearing no larger 
through the microſcope. than | a grain of ſand viewed by. the 
naked eve... fy Who's 

I afterwards opened ſome Animalcules twenty-four' times ſinaller 
than the full grown ones, and in them I alſo ſaw ſome of thoſe 
round particles, which I concluded would in time become young 


ones; and finally, I opened one, which was not much larger than 


e abe un . ee eee and I took out of them a great 
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thoſe newly voided by the parent, - in my opinioꝶ / was only 
one day old; but I was not able to judge with certainty, reſpecting 
the particles which I took out of its Ro (by reaſon of their ex- 
ceſſive minuteneſs), aun Ben were er as W in Tg 1 
come young 5 ont n gail l ne Thos 
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Avprmiox, 1 BY THE x TRANSLATOR. | 5 

THE Tranſlator hopes to be Wälle in bearing his PORTO to the 
Accuracy of Mr. Leeuwenhoek's mveſtigation 8 the rags. n n 
alſo as to the utility of his diſcoveries. 

This part of the tranſlation having been nat at - the 10e of a friend i in 
the country, and in the month of June, the Tranſlator was led to examine 
the fruit trees in the garden, expecting to find ſome of the Animaleules men- 
tioned in this Eſſay: he ſaw many of them exactly agreeing with the de- 
ſcription here given; on the gooſeberry and currant trees. (particularly the 
latter) they faſtened themſelves at the extremities of the young ſhoots, and 
the farther extenſion of the ſhoot ſeemed to be entirely prevented, for the 

bud in the centre was deſtroyed and the ſtalk of the ſhoot grown into an ir- 
regular knobbed form, and ſwelled to two or three ne its en a 
haring the ſame appearance as a gouty limb. | 

Some perſons may perhaps be diſpoſed to ridicule the * pains ken by 
Mr. Leeuwenhoek to inveſtigate the nature of ſo minute, and, as they 
may think, ſo contemptible a creature, as that under conſideration. 
But the ſtate of the fruit trees juſt mentioned will at once demonſtrate that 
theſe minute animals are of a formidable nature, and capable of deſtroying 
all the next year's produce. For if they attack the young ſhoots in the early 
part of their growth, and thereby put a ſtop to their further vegetation, the 
conſequence muſt be that from thoſe trees, whoſe fruit is produced 1 upon the 

laſt year's wood, little or no fruit. can y  Expefted 1 in the ſuoceeding year. 
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On. certain ; Animaeuts — in — bam in gie, on the 


| of pore 


I» HAVE 1 been induced to publiſh my dſboveries reſpecting theſe 


creatures, in order to ſhew how wonderfully Nature or nn for | 


the preſervation of their ſpecies. 

On the 25th of Auguſt, I faw in a leaden quiter's at the fore part 
of thy houſe, 'for the length of about five feet, and the breadth of 
ſeven inches, a ſettlement of rain water, which appeared of a red co- 
Tour ; and, upon conſiderin g that perhaps this colour might proceed 


Gilad ſome red Animalcules, ſimilar to thoſe which I had ſeen in 


muddy ditches, I took a drop of this water, which I placed before 
the microſcope, and in it I diſcovered a great number of Animal- 
cules, ſome of them red, and others of them green. The largeſt 


of theſe, viewed through the microſcope, did not appear bigger than 
a large grain of ſand to the naked eye; the ſize of the others was 

gradually leſs and leſs: they were, for the moſt part, of a round 
ſhape; and in the green ones, the middle part of their bodies was 
of a yellowiſh colour. Their bodies ſeemed compoſed of particles 


of an oval ſhape; they were alſo provided with certain ſhort and 
ſlender organs or limbs, which were protruded a little way out of 


their bodies, by means of which they cauſed a kind of circular mo- 


tion and' current in the water: when they were at reſt and fixed 
themſelves to the glaſs, they had the ſhape of a pear with a ſhort 


ſtalk. Upon more carefully examining this ſtalk, or rather this 


tail, T found that the extremity of it was divided into two parts, 


This ſpecies of Animalcule is very minutely deſcribed by Mr. Baker; i in his Treatiles 


on the Microſcope, and he has given to it the name of the wheel animal: alſo in Adams on 


the Microſcape. 
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bodies of them were very tranſparent; but there ſeemed to wore 


was, by three ſucceſſive; days of hot weather, ſo dried away, 


| endeavours, 1 could not diſcover any Animaloules 1 in it, of the ſpe- 


* 
* . * 
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and by the help of theſe tails the Anjmalcules fixed ffrntelves to 
the glaſs; the leſſer of t A 9 to me to be the offepring o 
the larger ones. 
Moreover, I ſaw another kind of Animalcules much ade, 10 
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hundred of the former ſpecies to one of them. 
On the 3 iſt of Auguſt, the water which I had before eee 


that when I preſſed my finger on the muddy ſediment in the gut- 
ter, no more water than about the ſize of a grain of ſand adherod 
to my finger, in which water 1 diſcovered, a ſmall, number of tranſ- 
parent diving. Animaloules, but all the green and red ones were 
Hopf. 

The firſt of September the ſediment i in this leaden gutter v was fo 
thickened „ that it appeared like ſtiff moiſt clay; but, with all my 


cies. I had before ſeen. 

At length I diſcovered two living 9 8 „ with oblong bodies, 
like the largeſt of thoſe-which I had formerly ſeen in rain water, 
wherein pepper or. ginger had been infuſed. Theſe Animalcules 
were almoſt the thickneſs of a hair of one's head; but ſuch of 
them whoſe bodies were -full of young, were twice that fize, the 
ends of their bodies terminating in a point; their tails were pro- 
vided with ſix or eight minute organs, by the help of which they 
could faſten, themſelves to the glaſs, and the fore part of their bo- 
dies being alſo provided with certain organs, when they would move 
from place to place, they brought their hind parts nearer to the 
fore part, and then, looſing the fore Part, they extended it in like 
manner as we ſee caterpillars do; and, in ſwimming, they made uſe 
of other organs deſtined for that purpoſe. Soon afterwards 1 ob- 
ſerved many of the ſame ſpecies of Animalcules. 

The matter in the bowels of theſe creatures was for the moſt part 
red, * (as T W from their feeding on ſmaller Ani- 


in . win oy the cinaller —4 rem a probably had not beer . 


long brought forth from the parent 


On the ſame day the weather was very hot, and, in " TY 
J took a ſmall part of the ſedimei 


the great number of red Animaleules in it, being many more than 


the green ones; but I could not dittinguin them brit F bad moi. 
ered the fubſtance with ſome rain water. 


nine in the morning, I took fome of the fediment which kad been 


in the leaden gutter, which was then quite dried, and no thicker | 


than half the back of a Knife; it had alfo lain from the preceding 


evening in my ſtudy; this I put into a glafs tube; about the thickneſs 
of a ſwan's quill, and poured on it 4 ſmall quatitity of rain water 


taken out of my ſtone ciſtern, in which water were fwimming ſome 
of the before mentioned Animalcules of the ſmaller fort; having | 
poured 1 in this water, I mixed it up with the dry fediment or matter 


put into the tube, and which ſeemed very hard and compact, in or- 
der to diſſolve the ſame; that thus, if there were ſtill any Being 


Animaleules in it, they might ilue forth; though 1 confeſs I never 


thought that there could be any living creature in 4 ſubſtance 10 
dried as this wass. 

F was, however, miſtaken; for rares a an hour had cap. when 
{ ſaw, at leaſt, an hundred of the Animalcules before deſcribed; fome 
of them adhering to the glafs, fome creeping along upon it, and 
ſome ſwimming about. In the evening I computed there were 
more'than three hundred of the ſame kind of Animalcules, but the 
moſt of them were not of full fize, as I Judged by their bodies be- 
ing ſo minute, and ſo empty of food, as if they were newly born ; i 
and in the bodies of ſome of the larger ones, I could ſee two, in 
others three, young ones, folded double + tele young ones, when 

Vol. II. D d 


ment front the gutter which was now 
quite dry, and I ſaw the ſurface of it completely red; by teafon of 


The following day the ſky was again very tot and ary, and, about. 
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NV, Vorn, Werg AS. quick. in, their MOUigns a8 the full grown: 
— 100 eg widndgre dou ono vWitfhrert 2 rt 
In that part of theſe Animalcules bes may 3 called the break, 

I fay, a round particle. moving with a reciprocal contraction and di- 
latation, in the time one might count P83 2 wah fi. not. abt 
Was the heart. wy inan 11 70 9. AL 95 7 5 

. Moreover, the fore part of the. bodies 5 theſe ts 1 2 
may be called the head, Was d divided into two Parte each of the two 


* * 1 & 


lender organs, which, in ahem motion, exhibited, age pleaſing ad 


delightful ſpeRacle; to form an idea of Which; we muſt ſuppoſe We 
ſee two ſmall Wheels ſet. round. the edges with ſharp. Points or pins, 


and theſe wheels 1 in. ſwift motion, as it were, from the Weſt towards 
the South and Eaſt, but never to move . a ES direction 
from dhe Weſt towards the N. orth and Fal It 


> 4. £5S.© 


prebenfible,. becauſe it 3 is | not. to be eee how ſuch 4 eb 


can be produced or performed in an animal body. 


In order to give a clearer conception of this, I Sr a glaſs ho 


With me of theſe Animalcules in rain water, which L placed before. 


the, mieroſ cope, and deliyered the ſame to the limner, that he: n 
make as exact a drawing of it as he Was able. K 7 | 

Plate XVI. fig. 33, ABC DEFG repreſents one of mee de 
cules, which had fixed itſelf to the glaſs by the help of the limbs or 


| organs at A. The round oblong particle, appearing between B and 


Ei 1 take to be a. portion of its food nearly digeſted; that which 1 is 
ſituated in the middle, I think i is the food in.the ſtomach and inteſ- 
tines; and the four oblong particles which ſeem, as it were, to ſur- 
round the inteſtines, exhibit the young Anjpaloules, in. the body, of 
the parent. a 

Between the Tettars D and E, appear the two. * 5 3 
like wheels, with tharp, points phoed: upright on them. Theſe 
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Abele * Rom the point D; vhich we wilt call the Weſt, and 
carried round, with a very ſwift motion, by the South towards: the 
point E, which wee will call the Eaſ tt. 
When one of theſe Animalcules is orvapiong! a the laſs; K 
afluiries the figure HI KL MANO, fie! 34: the parts, H and M, 
being: alternately fixed to the glaſs; and in this ſituation the organs, 
like wheels, which in the former figure are ſhewn between D and 
E, are drawn within the body, and a part like an horn, marked L. 
appears in ſight. Beſides theſe poſitions, the animal twiſts and 
turns its body into ach wonderful W _ Tthave- uten r 
aſtoniſhed to behold it. os bod bifot 8:9 Ty 
The limner alſo ſaw: Wedel Anieniteles: of a ſhape - avſtar{os 
what is repreſented at fig.'35, PQ; theſe had the lower parts of 
their bodies of a flat ſhape, from which iſſued various minute or- 
gans, which they uſed in moving themſelves from place to place. 
Now in the body of this Animalcule, were many globular particles, 
and in the ſame water were many ſtill ſmaller Animalcules, whoſe 
whole bodies appeared no larger through the MOTOR 2 One 
of thoſe globules in the former Animalcule. 91 £47 1 
I have often placed the Animalcules I hike) befioes! deſcribed: out 
of the water, not leaving the quantity of a grain of ſand adjoining 
to them, in order to ſee whether, when all the water about them 
was evaporated and they were expoſed to the air, their bodies would 
burſt, as I had often ſeen in other Animalcules. But now I found 
that when almoſt all the water was evaporated, ſo that the creature 
could no longer be covered with water, nor move itſelf as uſual, 
it then contracted itſelf into an oval figure, and in that ſtate it re- 
mained, nor could I perceive that the moiſture evaporated from its 
wenn for it preſerved its oval and round ſhape unhurt. 
In order more fully to ſatisfy myſelf in this reſpect, on the third 
of September, about ſeven in the morning, I took ſome of this dry 
ſediment, which I had taken out of the leaden gutter and had ſtood 
almoſt two days in my ſtudy, and put a little of it into two ſeparate 
D d 2 


(tan) 


glaſs tubes, * I poured ſome —_ vpterwhioh had mum 
and afterwards: cold. 

This ſediment conſiſted of a amal renn oh 0 PRO ſand, 
pieces of mortar; and among it were mixed ſome Piecos of hair, 
threads of woo of different colours, and bits of ſtraw, which things 
wwe may ſuppoſe. to have been brought thither by the winds; and 
the ſurface of it ee * * red and n res ap- 
parently: dead. : 

As ſoon as I had mth on "Ol water, I ſired the wind anne, 
that the ſediment which, by means of the hairs in it, ſeemed to ad- 
here like a ſolid body, might be the ſooner mixed with the water: 
and when it had ſettled to the bottom of the glaſs, I examined it, and 
perceived ſome of the Animalcules lying cloſely heaped: together. In 
a ſhort time afterwards they began to extend their bodies, and in 
half an hour at leaſt an hundred of them were ſwimming about the 
glaſs, though the whole of the ſediment which I had put into it did 
not, in my judgment, exceed the weight of two grains. After five 
or fix hours had elapſed I ſaw two ſeveral ſorts of Animalcules ſwim- 
ming in the water, the leaſt of which were ſo minute, that many 
thouſands of them would: ſcarcely equal the ſize of a grain of ſand. 

The preceding CE 1 afterwards mm and. met with 
the ſame event. | 

"Thus we fee that theſe Aimee when the water . dries away, 
contract their bodies into an oval ſnape, and, even in the heat of 
ſummer, preferve their oval ſhape for a long time: and, that when. 
they are again ſupplied with water, they, in a very little time, unfold 
and extend their different limbs or organs, ufing them in the ſame 
manner, and with the like motions as they did before the want of 
water cauſed them to contract themſelves. And this I obſerved, not 
only in the full Se ones, but in the moſt minute a that Au- 
malcules. | 

Hence we may conclude, thats in like manner as the ſhells of the 
eggs of moths or butterflies, whence caterpillars are hatched, 


1 5 „ is 

and alſo the membranes of grubs or .cryſales dete from . 
pillars, are of ſuch ſolidity and firmneſs that the moiſture in them 
will not evaporate, ſo the ſkins of the AnimalculesT am now treating 
of are formed of ſuch a ſolid texture, that they do not permit the teaft 
evaporation : and, were it not fo, I will venture to afſirm that theſe 
creatures in very dry weather, being deprived of water, muſt all 
perith; and this, which we find to be the caſe with theſe, we may 
fairly conclude takes place with Animalcules a thouſand times leſs. 
Me can now eaſily conceive, that in all rain water which is col- 
lected from gutters in ciſterns, and in all waters expoſed to the air, 
Animalcules may be found, for they may be carried thither with the 
particles of duſt blown about by the winds. And not only ſo, but 
Animalcules, millions of times ſmaller than a grain of ſand, may 
be carried up in particles of water, if not to the clouds, yet to ſuch 
a height as to deſcend with the evening dew: or by the winds they 
may be raiſed from the earth, and ſpread on all ſides. Nor will this 
appear incredible, if we conſider that, in great ſtorms, the ſea water 
is daſhed with ſuch force againſt the ſhore, that the particles of it 
are carried many miles, ſo as by ſettling on the leaves of trees and 
herbs to give them a ſalt taſte. 

The preceding kinds of experiments I have many times repeated 
with the ſame ſucceſs, and in particular with ſome of this ſediment, 
which had been kept in my ſtudy for above five months, and upon 
pouring on it rain water, which had been boiled and afterwards 
cooled, I ſaw in a few hours time many of the Animalcules before 
deſcribed. And if, after being ſo long in a dry ſtate, theſe Animal- 
cules, upon water being given to them, can unfold their bodies and 
move about in their uſual manner, we may conclude, that in many 
places, where in ſummer time the waters ſtagnate, and at length dry 
up, there may be many kinds of Animalcules, which, though not 
originally in thoſe waters, may be carried thither by water fowl, in 
the water or mud adhering to their feet or feathers. 
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60 A 
From all theſe obſervations, moſt plainly we diſoern the incom· 
cootibadible perfection, the exact order, and the inſcrutable provi- 
dential care with which the moſt wiſe Creator and Lord of the Uni- 
verſe, has formed the bodies of theſe Animalcules, which are ſa mi- 
nute as to eſcape our fight, to the end, that the; different ſpecies of 
them may be preſerved in exiſtence. And this moſt wonderful diſ- 


poſition of Nature with regard to theſe Animalcules, for the preſer- 


vation of their ſpecies; at the ſame time that it ſtrikes'us-with aſto- 
niſhment, muſt ſurely convince all of the abſurdity of thoſe old opi- 


nions, that living creatures can be n from eee, or 
putrefaction. „ nh e = | 
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On the 83 22 tle 2 + in the tail 5 an ; Eel, 1 in the tails. 
and ins of. other fiſhes: with a particular Aer, of the! Au- 
thor's ROE" for en % | | 
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7 Azono * t objects, e 1 have view the circulation of 


the blood, was an Fel, and in the fin of its tail, I ſaw the blood cir- 


culating through an incredible number of arteries and veins of vari- 


ous ſizes; and although thoſe blood - veſſels were diſperſed promiſ- 
cuouſly one amon g another, n I EINE: "Oy ne. wn rom tie 


arteries and veins. 


Upon fixing my eye ano at the extremity of the tail fin, I 
there ſaw ſuch a number of minute blood- veſſels, that it was impoſſi- 
ble for me to diſcern the circulation in the minuteſt of thoſe veſſels. 
This fin being a little dirty, I took a piece of linen cloth, and gently 
wiped it twice, to get a better view ; but I found that in that flight 
touch, many of the external blood veſſels. were ſo injured, that many 
particles of blood iffued forth, cauſing the extreme parts of the fin 
to appear red, and they were alſo a little diſtorted: I alſo plainly 
ſaw in all the arteries, however minute, a ſtrong and quick ſucceſ- 


tive elevation, with a protruſion of the blood ; and, upon attending 


to.a large artery in the tail, I there ſaw the protruſion of blood, de- 
rived from the heart, to be much more vehement. 

I alſo placed before my fight one of the two fins which the Eel 
has next its head, and there I ſaw the blood circulating in as many 
diſtinct places as I have juſt mentioned reſpecting the tail fin. And 
when I endeayoured to purſue the circulation to the extremity of this 


*. See more on this ſubject, in Vol. I. p. 89. ef seg. 
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fin; I chars ſaw its motion, both in arteries and veins, in ſuch an 


| inconceivable number of *exceflively minute veſſels, that it looked 


as if the fir in that part of it was compoſed of nothing but . 


veſſels. 


In this and many other Eels, I ſaw that the blood veſſels, where 
the circulation comes to its full extent at the extremity of the tail 
fin, turned back with a fmall bending, many of them taking their 


courſe tranſverſely, or crofling one another, in their return back 


towards the heart. For inftance, the circulation appeared to me 
as in Plate XVII. fig. 1, AB CD E, which repreſents a blood-veſſel 
ſituated between two of thofe ſmall bones which give ftrength to 
the extremity of the tail fin. In this figure, ABC is to be called 
an artery, becauſe in it the blood moves forward from A by B to- 
wards C, and from C by D, it returns te E; therefore CD E muſt 


be called a vein, though each of theſe veſſels, ſo called, is but one 
and the ſame blood-veſſel prolonged; and in its return it twice 


crofles. itſelf. Near to this was one of the ſmall. bones of the fin, 
and cloſe to it a ſecond blood - veſſel, in which alſo the circulation 
forward and backwards was performed; and this veſſel in its return 


alſo twice eroſſed itſelf, but with ſomewhat fmaller bendings than 


in the ether veſſel. Here, FG H, is an artery, wherein the blood 
Was carried forward as far as H, and, bringing back the blood to- 
ww the heart, in the direction H I K, it is then to be called a 

On this oecaſion I ſaw, (and which I had obſerved in ſeveral 
* inſtances) that in the firſt mentioned artery A B C, there 
aroſe, at C, a ſmall veſſel which conveyed the blood from A B C, 
into the other veſſel at I. 


- To give an idea of the relative ſize of theſe veſſels, and of their 


diſtance from each other, the reader will underſtand, that the diſ- 


tance from E to K was: ane equal te the breadth of four hairs of 


one's head. 


To make theſe obſervations, my method at firſt was, to wrap the 


Eel in a piece of paper, or a cloth, leaving out only that part of 


| | A. 2 17 ry „„ 
. the fin A was to be a. but; with all my care; I. found 
that, in doing this, I either impeded the circulation or injured the 
fin; I. therefore adopted this method: to take Eels about the 
ſize of one's finger, and let them ſwim about in the water for a 

time, till they were at reſt, and then examine their tail fins While 
in the water, for in that ſituation they ſpread out their tails, but 
when taken out of the water, the — ee of hp fin S 
up in Wrinkles.. 

In order to impart chis dann fight to . I invented and 
compleated ſome inſtruments, whereby I exhibited the ſame to ſe- 
veral gentlemen! of eminence in this country, who all declared, 
that they did not think any more delightful eee nor more 
worthy of obſervation could be ſne wn. 

I have determined to give drawings of the inſtruments by which 
I exhibited this circulation of the blood, and by which thoſe who 
deſire to view the ſame may be eaſily gratified. | 

I firſt prepare a piece of braſs about half the thickneſs of the 
back of a common Knife, and of the ſhape repreſented at fig. 2, 
 ABCDEF; this I hammer upon an anvil ſome time, to make 
it the tougher, and make two large holes in it, as ſhewn at GH I 
and K LM. I alſo drill fix ſmaller holes at PQRS and NO. I 
then bend this piece of braſs at the end AB F, and at the dotted 
line BF, ſo that it may form a right angle with the other part, and 
alſo bend the other end C D E, in like manner. ; 

- I then take another flat piece of braſs of the ſame thickneſs, 
which, being well hammered, will anſwer the purpoſe of a ſpring 
this is repreſented at fig. 3, AB CD, and I hammer it into fome- 
thing of a hollow ſhape, and file in the lower end of it a cavity, 
in order that it may in part ſurround the glaſs tube I ſhall hereafter 
deſcribe; this round cavity is ſhewn at AD. I then drill four 

Holes in it at EFGH, to correſpond with thoſe marked PQRS in 
fig. 2; and with braſs rivets I join the two pieces together. * BBY 
then prepare another braſs ſpring, as at fig. 4, I K LM, in which 

Vor. Il. i: 12 
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1 alſo make a hollow, as at K L, to embrace the glaſs tube, and hay- 
ing drilled two holes in it at AB, to correſpond with the two holes 
QR, in fig: 2, I place it on the contrary fide of the N fig * 2, 
and rivet it with two braſs rivets through the holes AR. 0 
I then prepare another piece of braſs more than twice the thick- 
neſs of the former, to be ſcrewed cloſe to the plate, fig. 2, and to 
Which the microſcope i is to be fixed; this piece of braſs is repre- 
ſented at fig. 5, NOPQRST, and in this T drill two holes to 
correſpond with thoſe at O and N in fig 2; theſe holes, V and'W, 
are made to receive ſcrews in them, in order to fix by them the 
plate, fig. 5, to the plate, fig. 2. In this piece of braſs, I alſo drill 
a third hole with a ſcrew fitted to it, by which the magnifier may 
be adjuſted at a Proper diſtance, which hole is ſhewn at X. I 
make likewiſe in this piece of braſs a fourth hole, rather larger than 
the former, in order that the magnifier, when adjuſted by the ſcrew, 
may be moved to the one ſide or the other: laſtly, I bend this piece 
of braſs, at the place marked with the dotted line P R, to a right 
angle. 
I then make three en one of which is ſhewn at AB, fo. VP 
aka with two of them I ſcrew the braſs, fig. 5, to the plate, fig. 2, 
paſling one ſcrew through the hole O, fig 2, and V, fig. 5, and the 
other through the holes N, fig. 2, and W, Ag. 5: the third ſcrew 


is to fix the magnifier by the hole Q, to the piece of braſs, fig. 5. 
1 alſo make a fourth ſcrew, as at fig. 7, CD; the only uſe of 


which 1s, that, being paſſed through the hole X, in g. 5, it may 
ſerve to fix the Nr car at a a proper diftance from the object to be 
yiewed. 
_ : Big. 8, EF GHI, are two thin plates of | braſs or ſilver Joined 
with five rivets, between which the magnifying glaſs is placed at 
L; and at K is ſhewn a hole made to receive a ſcrew, by which 
the magnifier 1 is fixed to the braſs inſtrument before deſcribed. 
J have alſo cauſed a drawing to be made of the whole inſtrument, 
as viewed on one ſide, n the magnifying glaſs is N to it), 
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chic is denn at . 9. and in this figure LMNT, thews that 
part which, in. fig..2, is repreſented at AB F: and the round hole 


in that figure is in this ſhewn. at a be. In this figure alſo O PMR 


is the part repreſented in ig. 2, at C D E, and the round hole, def, 
in this figure, is the hole K L M. in fig. 2. The braſs ſpring V WX, 


is that which, in Ig. 3, is ſhewn at AB CD, and the ſpring. AB C D, 


in this figure, the ſame which is ſhewn, in fig. 4, at IK LM. The 

piece of braſs ſhewn in fig. 5, NOPQRST, is repreſented i in this 
figure at EF G, and the two ſcrews, by. which it is made faſt, are 
ſhewn at Y and Z; the braſs ſcrew, in fig. 7, marked C D, is in 
this figure ſhewn at H, where it is ſeen ſcrewed in its place. 
I then directed the limner to make a drawing of the entire in- 
ſtrument, with the microſcope joined to it, and the glaſs tube in- 
cloſed in it, the ſame being adjuſted ready for uſe, and ſo placed 
before the view ; this is ſhewn at fig 10, ABC DEF GH; the 
ſilver or braſs plates, incloſing the magnifying glaſs, are ſhewn at 
IKLM; the braſs ſcrew, by which the magnifier is fixed, is ſhewn 
at 2; the ſcrew, by which the object is placed at a proper diſtance, 


is marked at 3, and the glaſs tube, containing the Eel, and fixed in in 


the inſtrument, is repreſented by QRSTVWXY. 
It is my practice to uſe glaſs tubes of a ſize ſuitable to the. Eels 
which are to be viewed; and though but a ſmall Eel be placed 
within the tube with its head towards the bottom, yet the glaſs 
tube will project ſo far below the inſtrument, that it may be held 
in the hand by that part, ſo that it will not be neceſſary to touch 
the inſtrument with the hand, and with the other hand the magni- 
fier, which will be held next the eye, may, by means of the ſcrew 
at 3, be drawn out, or compreſſed inwards, until the part of the 
object to be viewed is brought to a proper diſtance. _ 
When I wiſh to take out or put in the glaſs tube, which 1 gene- 
rally do at the upper end, I remove the magnifier a little on one 
ſide, that it may not be ſcratched by the glaſs tube; this poſition 
or removal is marked in the figure by the dotted line N OPE. 

E e 2 


which is ſhewn at fig. 13, QRSTV. The Eel placed in this tube, 
I at firſt uſed to cover entirely with water, but 1 found that when 
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1 alfo Ie another inſtrument of like ſhape with the former, in 
which the ſpring reprefented in fig. 9, at ABO P, is a little ſhorter; 


and to this 1 ſcrewed the brafs containing the magnifying glaſs, as 
repreſented in fig. 11, HEKT, on which magnifier or microſcope, 


I fixed a little diſh or concave reflector, to throw more light on the 


object; to which intent I filed away as much as I could of the braſs ” 
about the microſcope, as may be ſeen at fg. 1 2, 2 880 F. where 


this is ſhewn on the oppoſite ſide, 
I have alſo given a drawing of the glaſk tube contuling the Fel, 


the tail was left out of the water it would, being wet, ſpread itſelſ 
on the glaſs, and be more eaſily viewed (this fin of the tail is ſhewn 
at W); and I always, before putting in the Eel, wetted the inſide of 


the glaſs, for otherwiſe the glutinous matter from its e would * 
here to the dry glaſs and impede the view. © 


I alſo recommend to thoſe who make theſe experiments, as 


ſoon as ever the Eel is taken out of the tube, to let the glaſs be 


well cleaned, for otherwiſe the Prom matter from the fiſh will 


dry on the glaſs. 


I have cauſed many glaſs tubes to be blown for theſs experi- 
ments, but the rounder they are, and the thinner the glaſs, the bet- 
ter: ſome of them I cauſed to be made cloſed at one end, as here 
ſhewn at Q, others I cloſed with a cork. 

I have alſo viewed the circulation of the blood 3 m the tail fin of a 


Perch, and that in ſuch minute veſſels as would only admit one ow 


bule or particle of blood to paſs through at a time. 
L once ſaw ina large artery in a Perch, (I call it large in eſpe 


of the moſt minute ones, though this was not thicker than an hair 


of one's head), and which is repreſented at g. 14, the blood pro- 
truded from A to B, though but faintly; from B to C, I could only 
perceive a ſmall agitation of the blood, and beyond C it was coagu- 
lated : from this artery there aroſe a branch as repreſented in-the 


can) 


age at BE, which carried almoR all the blood from A B, coughs 
BE, into the vein DEF; in which vein the blood was conveyed 
from'E to D, a race ua eee Was  coa- 


L When thoſe Perch which 1 need were very lively, and theis 
tails unhurt, I could not diſcern the large veſſels in their tail fins, 
but when the blood began to coagulate, ſome of the veſſels, in a 
| Hort time, appeared fifty times larger than their natural fize. | There 


were other veſſels in which the blood had circulated, and were not 
felled, but here the blood was at a ſtand, and the veſſels them- 


felves, by reaſon of their minuteneſs and there being no circulation 
in them, were not eafily diſcerned. _ 

Moreover, it was my opinion that many of the _ ens 
of the blood, which I ſaw, when it began to ſtagnate, were not 
performed within the coats of the blood - veſſels, but that, when the 
blood in the arteries was impeded in its courſe, the continued and 
ſtrong propulſion from the heart cauſed it to form new canals, where 


the fiſh's ſkin made the leaſt reſiſtance, and that it was by this 


means the oblique current of blood, fhewn in fig. 14, at EB, was. 
formed. And, indeed, I am of opinion that all thoſe very minute 


eurrents, whether we call them arteries or'veins, are not performed. 
within the coats of veſſels, but that they are formed where the blood, 
in its protruſion from the heart, meets the leaſt reſiſtance. But if 


we ſuppoſe one of the very ſmalleſt blood-veſſels to be provided with 
a coat, and ſuch coat to conſiſt of three diſtin& membranes, as it is 
ſaid the coats of the veins and arteries are formed, it neceſſarily fol- 
lows that the coats of thoſe minuteſt veſſels muſt be of a thinneſs 
which is inconceivable. For, let us ſuppoſe, as I have often ſaid, 
that the axis of an hundred globules of the blood, from whence its 


redneſs proceeds, are no more than equal to the axis or diameter of 
a large grain of ſand; it follows, that ten thouſand globules of blood 


may paſs together through a veſſel, no larger than to admit a large 
grain of fand to paſs through it. Now, ſuppoſing the coat of ſuch. 
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à veſſel, as will admit a grain of fand to paſs, through it, is 8 | 
five times thinner than fine poſt paper, how much thinner, muſt be 
the coat of a vein which will only admit the ten thouſandth part of 
a grain of ſand to paſs through it? Therefore, if theſe very ſmalleſt 
blood - veſſels are provided with coats, ſuch coats muſt, be ſo thin, 
open, or ſpongy, that the very thinneſt watery parts of the blood 
can as eaſily paſs through them as water through a fine ſieve... 
After this, I took one of thoſe fiſh.called a Jack, which J placed 


fo that about the breadth of a finger of its tail was above the water, 
and, upon examining the extremities of this tail fin by the micro- 


ſcope, I could not perceive: the leaſt motion in the blood in that 
part; whence I judged that thoſe parts of the tail were mortified, 


tor the fiſh, from its appearance, ſeemed to me to have been caught 


ſome days. But when I examined the tail fin, nearer to the body, 


I ſaw the blood flowly moving in an artery, and, a little nearer to 
the body, there iſſued from this artery a ſmall branch, through which 


the blood was carried with a very ſwift current, and this branch, 


taking a ſmall bending, carried the blood into a vein which brought it 


back towards the heart. Let G HI, in fig. 15, repreſent this artery, 
in which the blood from G to H was driven forward with its uſual 
ſwiftneſs, and from H to I its motion was very flow; H K M, is a 
ſmaller veſſel, through which the blood was carried from this artery 
into the vein LM N, at the Point N, and in that vein er 
back to the heart. 

Aſter this, I bought a nail of Trout, which had been caught in 
the river Maes two or three days before, and among the reſt was 
one, not quite {even inches long, which, upon view of its ſcales, I 
| judged to be be about five years old. This Trout, whoſe tail fin was 
a little injured at the extremity, I placed with its tail about a finger's 
breadth above the water; and, when it was become quiet, I viewed 
the tail by the microſcope, and I could not diſcover any circulation 
at the extremity, but, examining it a little nearer to the body, I ſaw 
the blood in the arteries and veins ſtagnating and coagulated ; and I 


, 
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alſo perceived the arteries 'to be uncommonly large, which I con- 
ceived to ꝓroceed only from this, that the circulation being impeded, 
my were by the impulſe of the blood diſtended to that ſize. ' 
Upon viewing the fin ſtill nearer to the tail I ſaw the blood run- 
ning both in the arteries and veins, and what ſeemed to me very 
worthy of note was this: I ſaw the blood ſtagnating in an artery, 
ſhewn in fig. 16, at OP, from P to Q, and ſo on towards the 
extremity of the tail, and in the ſame artery from P to O, and alſo 
towards the fiſh's body, the blood was carried in its uſual motion, 
namely, from O towards P. From this artery there aroſe a branch, 
repreſented at P, in which the arterial blood, after it had been driven 
thus far, was carried back towards the heart, ſo that this branch, 
PV, ariſing out of the artery, OP Q, muſt be called a vein. © 
At about three hairs breadth from the before mentioned artery, 
there was another artery, nearly of the ſame ſize, which is ſhewn in 
the figure, at RS T. In this the blood between S and T, and alſo 


beyond it, was coagulated, and the blood which, from R to S, was 


driven forward, iſſued into a branch arifin f out of that artery, at 8, 
which alſo led back towards the heart, as is ſhewn in SV; where, 
at V, both the veins, PV and SY, are Joined, and conſtitute a larger 
vein, VW. 

Moreover, I took a Carp, in order to view the circulation, but it 
was ſo reſtleſs that, after many trials, I determined to wrap it in a 
cloth, in order to view the fin on its back, which, being nearer to 
the heart, I Judged the circulation might be ſtronger : and here I ſaw 
the blood moving in an artery, which divided itſelf into two other 
arteries, ſo ſmall as only to admit a fingle globule or particle of 
blood at a time; one of theſe minute arteries was joined to a vein, ſo 
large that the blood in it began to aſſume a red colour, the other I 
could not follow with my eye, becauſe its courſe was hid behind a 
mall bone in the fin. Fig. 17, A B, is this ſmall artery, which, at 
B, was divided into two branches, one of which, BC, was joined 
to the vein D CE, at C; ſo that the blood which, in the artery, was 
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driven frei A to B, FINER the heart, and took its — from B to 
C, in C, being emptied into a vein, it returned back, from C to 
D, towards the heart: the other ſmall artery, B F, took a courſe out 
of my fight at F. This circulation gradually decreaſed till, at length, 
I could not perceive any motion in the veſſels A B C and BF. 
Theſe obſervations I alſo purſued in ſeveral other ſorts of fiſh, and 
in all of them the circulation was very apparent, particularly the 
Flounder, in the tail fin of which I ſaw ſuch multitudes of minute 
blood-veſlels, that I may ſay there is not a ſpace in that fin, ſo ſmall 
as a grain of ſand, which does not contain a veſſel, either conveying 
the blood from the heart, or bringing it back. towards the heart. 
This fiſh, called the Flounder, is one of the beſt adapted to view the 
circulation of the blood, becauſe it lies quiet a long en and a 
will live a long time out of the water. 
With regard to the inſtruments I have deſcribed, they: might, I 
doubt not, be made more perfect and convenient; for I myſelf was 
never inſtructed in the working in braſs and iron, otherwiſe than by 
obſervation of workmen in the making and uſing their tools; by 
which means, however, I have been enabled (rather in a rude way) 
to make theſe inſtruments ſufficient to anſwer all my purpoſes. 


- A BY THE cone, 


AS the reader” may have a deſire to know of what nature were the Mi- - 
_ croſcopes by which Mr. Leeuwenhoek made the wonderful diſcoveries, which 
are the ſubje& of his works, the Tranſlator has thought proper to introduce, 
in this place, the beſt account of them he has been able to collect. 

Mr. Henry Baker, in his Introduction to the uſe of the en has 
theſe words: * 

6. The famous Microſcopes of Mr. Leeuwenhoek are the moſt fimple poſ- 
7 ſible, being only a ſingle lens ſet between two plates of ſilver, perforated 
with a {mall hole, with a moveable pin before it to place the object on, and 


* Microſcope made Eafy, p. 7. and 8. Ed. 1744. 
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| 4 a juſt it to the eye of the beholder. Several writers cat the glaſſes 


«Mr. Leeuwenhoek made. uſe of in his Micr oſcopes to be little globules, 
« or ſpheres of glaſs; which miſtake moſt probably ariſes from their under- 
ce taking to deſcribe what they had never ſeen ; for, at the time I am writing 


© this, the cabinet of Microſcopes left by that famous man, at his death, to 


* the Royal Society as a Legacy is ſtanding upon my table; and I can aſſure | 
ce the world that every one of the twenty-ſix Microſcopes, contained therein, 


0 is a double convex lens, and not a ſphere or globule.” . 


And in another treatiſe, publiſhed by Mr. Baker ſome years afterwards 
he writes as follows:“ | 

« An aceurate deſcription of the twenty-ſix Microloopes, , and objefts hs 
ec longing to them, contained in a ſmall cabinet, which Mr. Leeuwenhoeks 
& at his deeeaſe, bequeathed to the Royal Society, was preſented many years 
< ago to that Society by Martin Folkes, Eſq. and may be ſeen No. 380 of 
ce the Philoſophical Tranſactions. And a farther account, ſetting forth the 
© magnifying powers and other particulars concerning the ſaid Microſcopes 


(which were three months under my examination for that purpoſe), was 


« preſented by me to the Royal Society in the year 1740, and publiſhed in 


2 © Phil. Tranſ. No. 458. But neither of theſe accounts has any drawing of the 


= Microſcopes : it is therefore hoped the curious will be pleaſed to ſee a draw- 
«ing of them, taken, with great exaQAneſs, from thoſe in the Repoſitory of 
« the Royal Society, which are all alike in form, and differ very little in {ze 
c from this drawing, or from one another. 

« The two ſides of one of theſe Microſcopes are ſhewn at fig. 18 and 19: 
ce the eye mult be applied to the fide ig. 18. The flat part, A, is compoſed 


( of two thin ſilver plates, faſtened together by little rivets ö, b, b, b, b, ö. 


<« Between theſe plates a very ſmall double convex glaſs (called by mathema 


« ticians a lens) is let into a ſocket, and a hole drilled in each plate, for the 
« eye to look through, at c. A limb of filver, d, is faſtened to the plates 
c on this ſide by a ſcrew, e, which goes through them both. Another 


ce part of this limb, joined to it at right angles, vaſes under the plates, and 
«© comes out on the other ſide (ſee g. 19) at f; through this runs, diretily 
« upwards, a long fine-threaded'ſcrew, g. which turns in, and raises or lowers 
ce the ſtage, h, whereon a coarſe rugged pin, i, for the object to be faſtened to, 
« js turned about by a little handle, k, and this ſtage, with the pin upon it, 


* Employment for the Microfcope, p. 434. Ed. 1764. 
Vol. II. Ff 
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se is removed farther from the magnifying lens, or admitted nearer to it, by 
a little ſcrew, 1, that, paſſing through the ſtage horizontally, and bearing 
<« againſt the back of the inſtrument, thruſts it farther off when there is oc- 
© cafion. The end of the long ſcrew, g, comes out through the ſtage, at m, 
« where it turns round, but acts not there as a ſcrew, having no threads that 
« reach ſo high. Theſe Microſcopes are plain and ſimple in their contrivance: 
« all the parts are ſilver, faſhioned by M. Leeuwenhoek's own hand, axe the 
* glaſſes, which are excellent, were all ground and ſet by himfelf. 
“The magnifying powers of theſe glaſſes come ſhort of ſome now Male, 
e but are fully fufficient for moſt purpoſes. Of the twenty-ſix M icroſcopes 
« I examined, one magnifies the diameter of an object 160, one 133, one 


* 114, three 100, three 89, eight 8 80, two 72, three 06, two 57, one 53, | 
ce and one 40 times,” | 


On Frags, and the manner in which their young are e Sn 
Tadpoles, with the circulation of the blood ſeen in them: alfo 
on te Hape of the W Particles of dle eee 


Wi have two ſorts of Frogs in this country, one which uſed to 
be found in great numbers about the town of Delft, but of late 
years only few of them have been ſeen, by reaſon, as I believe, 
that their ſpawn has been devoured by a ſmall kind of fiſh; and I 
have ſometimes ſeen this ſpawn in the ſmall ditches which divide 
our fields, lying in ſuch quantities, that the ſurface of the water 
| ſeemed almoſt covered with it. The other ſpecies of Frogs is much 
fewer in number, but of a larger ſize, and they leap farther than 
the others, and the hind parts of their bodies, or rather the thickeſt 
parts of their legs, are uſed by the French, as good food. Reſpect- 
ing the propagation of theſe laſt, as a particular ſpecies, I was for 
ſome time in doubt, not having obſerved them coupe together, nor 
ſeen any of their eggs or ſpawn. 

But one day, at the end of the month of = . in a mea- 
dow for my recreation, and not thinking of this ſubject, becauſe the 
time of the other ſort of Frogs laying their eggs was long paſt, my 
attention was excited by the noiſe or croaking, which theſe laſt 
mentioned Frogs make both by day and night, in hot weather, 
whereupon I went to the fide of the water, and 1 thought that 1 
ſaw ſome of their eggs adhering to a green leaf in the water, and ſo 
in fact it proved. Theſe eggs are not ſo eaſily to be diſcerned, as 
thoſe of the common Frogs, becauſe the glutinous matter or jelly 
which contains them, ſwims deeper in the water, and is alſo leſs 
in quantity, 
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I cauſed ſome of the Wen to which theſe eggs or ſpawn adhered; 
to be brought to my houſe, and put them into two earthen veſſels 
filled with the water that runs through our canals; and then I ex- 
amined thoſe eggs by the microſcope, and found that, for the moſt 
part, they were dark coloured on one ſide, and yellow on the other: 

but looking at them again the next morning, I found that the yel- 
low colour was almoſt vaniſhed, only a ſmall part of each egg re- 
maining of that tinge, whence I concluded that the eggs had . 
but lately laid by the Frog when I took them up. * 
Moreover, I took ſeveral eggs out of the tranſparent piotinohs 

matter or jelly, which contained them, and I found this glutinous 
ſubſtance, by which the eggs ſeemed to be preſerved diſtinct . in 
their round ſhape, to be very ſtrong and tough, ſo that it could not 
be ſeparated from the egg itſelf, without being torn; and when I 
handled it ever ſo gently, the egg did not retain its round figure, 
but broke to pieces. I examined many of the eggs after I had taken 
them out of the jelly which incloſed them, and found them to be 
contained in a very thin membrane, formed with black parts or 
ſpots, in ſhape agreeing with the knobs 'or r protuberances in that 
leather which is called ſhagreen. | 

The egg itſelf, as far as I could liſeern, conſiſted of a watery 
matter, (as it appeared to the ſight) and an incredible number of 
globules, each of which again conſiſted of a great number of leſſer 
globules, all having a larger globule in the middle; ſo that every 
one of them had the appearance of an egg with a very ſmall yolk. 
The figure of many of theſe eggs altered every day; for, from 
being round, they aſſumed an oblong ſhape ; afterwards minute tails 
were formed; and I alſo thought that I _ the appearance of 
heads. 

Every day I opened ſeveral of thefe eggs, and until the ſeventh 
day after they had been brought to my houſe, when I ſaw the 
young Frogs (which are called Tadpoles) to be ſo far formed, that 
they began to move. But, with all my attention, I could perceive 
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clothing © in them except globules; and upon opening a Tadpole, 
which of itſelf crept out.of the jelly which had contained it, and 
was ſwimming in the water, and in which, when it was entire, I 
could diſtinguiſh the back bone, I could not, when diſſected, diſ- 


cover any bowels, much leſs arteries or muſcles. 


Hereupon it ſeemed to me, that the whole body of this animal, 
called a Tadpole, conſiſted of no other particles than globules, and 
eſpecially: the belly of it, which was of a yellowiſh, colour, and 
ſeemed to be made of that part of the egg which had continued 


yellow. This ſeemed ſtrange to me, that in ſo large an animal 


which I had killed and diſſected, 1 could not diſcoyer any yells or 
fibres. 

After all my ne ralpaſting theſe eggs, I could draw no 
other concluſion, than that the glutinous matter or jelly, encom- 
paſting the eggs, was only formed by nature for the preſervation of 


the egg when depoſited in it, as the ſhells of birds' eggs. cover and 


protect the whites and yolks. © 
And as we ſee, that the whole fablinper of a hen's egg paſſes 


into and becomes part of the chick, (except the ſhell and the mem- 


brane within it, which are deſigned for the preſervation of that ſuh- 
ſtance), ſo in the preſent caſe, the whole of the egg paſſes into the 
body of the Frog or Tadpole, and the viſcous and gluey matter, which 
ſurrounded the egg, remains after the young has left it. So that 
we may ſay of the eggs of Frogs, what I have ſaid of the eggs of 
birds, namely, that they are deſigned to ſupport and nouriſh the 
young creature until it is able to provide for itſelf. 

When I obſerved that the viſcous matter or jelly I have men- 
tioned, contained in it multitudes of air bubbles, I concluded the 


_ uſe of them was, that where there were no leaves floating on the 
ſurface of the water to which the eggs could adhere, theſe air bub- 


bles might make the jelly float on the water, whereby the eggs might 
receive the warmth of the vow and thereby, as I may ſay, be 
hatched 
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| Plata XVII. 1 fi 20, repreſents the egg of the Frog I am now 


deſeribing, incloſed in the tenacious or viſcid ſubſtance: I have 


mentioned; and when it is ſo far grown, that the animal begins to 


move, the tail appears ſomewhat bent. Fig. 21, repreſents the 


animal, when ſo fully formed in the egg, as to be able to ſwim 


in the water; this was taken by me out of the egg, and a on a 
glaſs, where it died, and the body of it dried up. s 


Fig. 22, ABCD EF, repreſents the ſame animal as it A ee | 


to the limner through the microſcope, in which the head can 
eaſily be diſtinguiſhed from the fore part of the body; as is * 
ſented at AB F. 


FE is the belly of the animal, which was of a yellowiſh colour, 
being formed, as I have ſaid, out of that part of the egg, where 
there remained a yellow ſpot ; but this drawing is not exactly like 


the animal, becauſe it was ſo broken and torn, that it nd exhibited 
the appearance of globules. 


CDE repreſents: the tail of the animal, in which a cine or back 
bone could very plainly be diſtinguiſhed, and is here repreſented in 
the figure in the beſt manner the limner was able; and though 1 


opened many of the tails of thoſe animals, which had this appear- 
ance of a ſpine, 1 could not diſcover in them any other parts than 


globules. | 
Theſe little animals, or Tadpoles, in frimming- move their tails 


with great force, and as ſoon as they ceaſe the motion, they ſink 
to the bottom of the water, whence it appears that their bodies are 


ſpecifically heavier than water. But theſe animals have a property 
(while in their Tadpole ſtate) to fix their heads to the glaſs, ſo that 
they are able to faſten themſelves to any thing they find in then Wa- 
ters, and there to remain without ſinking to the bottom. 


Moreover, I placed a Tadpole, Which was alive in the water and 
had fixed itſelf to the glaſs, before a microſcope, dromng the limner 
to make a drawing of it as it appeared to him. 


Fig. 23, GUHIKLMNOPARS, repreſents this Tadpole alive, 


( 231) 
as it had fixed itſelf to the glaſs, with its belly next the. eye of the 
ſpectator; this Tadpole had but a few hours before quitted the egg 
and jelly in which it had been incloſed. | 

ILMNO, repreſents the head; H IRS, the belly; and GH 8, 
the tail. In the upper part of the bead of this animal, its ſkin ap- 
peared ſomewhat thicker than the reſt ; ſo that I concluded, this was 
a part of the ſkin which in time would cover the whole body of the 
animal: this is repreſented at M NO. The mouth is ſhewn at T, 
which I did not perceive this newly hatched animal to. move: At 
VV are two dark ſpots in the animal's head, of a very round ſhape, 
and being much more protuberant than I have ſeen in any other ani- 
mal, and which many would conclude to be the eyes. But if eyes, 
they would not be ſeen by us in this poſition of the animal; but ra- 
ther be placed on the other ſide out of ſight. 

IKL, and P QR, are fix tranſparent parts hanging 4 . 
the head, three on each ſide, and theſe parts were the only reaſon 
of my giving a drawing of this Tadpole; for in each of them I, with 
great delight, ſaw moſt diſtinctly the circulation of the blood, which 
was driven from the parts next the body to the extremities, and 
there, with great ſwiftneſs, performed an inceſſant circuit back to the 
body. This circulation had not an equable or even motion, but 
was performed at intervals by quick repeated protruſions; and in the 
intervals, any one for the moment, would have thought the circu- 
lation ceaſed; but ſcarcely had the current of the blood begun to 
make a ſtop, when a new protruſion immediately followed, cauſing 
a continual courſe of the blood in this creature; and, upon accurately 
computing the time in which their pulſations or protruſions were per- 
formed, F may ſay, that an hundred of them were performed in leſs 
time than one could count an hundred. From theſe appearances, I 
concluded that at every one of thoſe protruſions, the blood was 
driven out of the heart, and I could perceive this motion (namely, 
the protruſion of the blood from the heart, and its paſſage from the 


. 288% )) | p 
_ arteries into the veins, where they: are united), 2 as aueh, AS. vhs 
perſon can poſſibly imagine. 


When theſe Tadpoles were Gore dive old; thoſe Agenten oath, 6 
wherein the circulation of blood I have deſcribed was performed, 
were no longer to be ſeen, being, as it ſeemed to me, grown over by 
the animal's ſkin. But I even then faw ſomething of a rapid mo- 
tion, as before deſcribed, performed on each fide the head, though 
I could not diſtinguiſh it to be the circulation of the blood; at the 
ſame -time, the head became ſo 2 to the e that it 
could not be diſtinguiſhed from it. 

The circulation of the blood, as seen in the tail of the Tadpole, 
has been noticed in another place, therefore no more need be added 
here, than that my obſervations on this creature were not made upon 
a ſingle inſpection of the ſubject ; but I often repeated the ſame, on 


account of the pleaſure I took in the ſight, and in different Tadpoles, 


but I always found the appearance to be the ſame. And one thing 
is here worthy of note, that in the very ſmall veſſels at the greateſt 


| diſtance from the heart, as in the extremity of the tail, there did not 


appear ſuch a forcible and vehement protruſion as in the veſſels near 
the heart; but though the blood in thoſe ſmall veſſels appeared to 


move in an uninterrupted courſe, yet it could plainly be ſeen, that 
at every pulſation of the heart the courſe was a little accelerated. 


I have in another place ſaid, that the particles or globules of blood, 
from whence its redneſs proceeds, are ſo minute that a million of 
them taken together would not equal the ſize of a large grain of ſand, 
and from hence we may eafily conclude how exceſſively ſmall muſt 


be the veſſels in which this circulation is performed. 


As many perſons have never ſeen a Tadpole, I have cauſed a draw- 


ing to be made of this creature, which, deſpiſed as it is, has afforded 


me the greateſt pleafure ; for the circulation of the blood, in this 
animal, is more admirable to behold than in any other creature or 
fiſh I ever ſaw: and fuch has been my delight in viewing it, that 


* Vol. I. p. 92. 


( 7 
think no fountain whatſoever, either natural br artificial; or WMadsed 


any other ſpectacle, could have n me . W 7 as theſe 


mall animals. © 


Pig. 24, repreſents u Tadpole, ck grown to Favki! a ſize that 


- batt: is hind feet were formed, and it could uſe them; the two fore 

feet were alſo viſible, but as yet lay hid under the ſkin. 

Moreover; I examined the Tadpoles when they were ſo far per- 
fected as to become Frogs and leap about the fields, and in theſe I 


alſo diſcovered a great number of wonderfully minute blood-veſſels, 


which with their bendings conſtituted thoſe veſſels we call arteries 


and veins; ſo that it moſt manifeſtly appeared to me that the 


arteries and veins are only a prolongation- of one and the ſame 
veſſel. And this was moſt particularly manifeſt in the extremity 
of thoſe parts in the foot; which may be called the fingers, and of 


Which the * has roars in 2 hos * ee feet and five 1 in the 


hind feet. » 74 


Theſe blood veſſels, -whith's we e cal veins and arteries (though in 


fact they are one and the ſame), were to be ſeen in great numbers 
at the extremities of thoſe fingers, and each of them had a round 
bending, ſo that the diſtinct courſe of each of them could not indi- 
vidually be diſcovered. All theſe veſſels were ſo ſmall and thin that 
they only admitted the paſſage of the blood in ſingle globules. But 
when I examined them at the firſt or ſecond joint of the fingers, 
then I ſaw the arteries and veins were en ſo . the * in 
them was of a red colour. 


I did not only examine theſe younk 2 Frogs in note of their — 


only, but placed their whole bodies before the microſcope, and the 
before mentioned blood-veſſels appeared to me as I have already de- 
feribed them. This circulation I ſhewed to two reſpectable gen- 


tlemen, who could not behold the ſight without great admiration, 


eſpecially in thoſe places where they ſaw the blood running in ſuch 


ſmall veſſels as to be only pervious to one of thoſe particles, whence 


its redneſs proceeds. 
You, Il. _ G g 
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I alſo examined larger Frogs, and in their feet I ſaw the cireula- 
tion of the blood, but with much difficulty, and, unleſs I had be- 
fore diſcovered it in the ſmall ones, it would have been impoſſible 
for me to diſcover the complete circulation in the ſmallest veſſels. 
But when I examined other parts of the bodies of theſe larger Frogs, 
I there completely diſcoyered the circulation. 
Among other things, I at one time ſaw the blood in an artery 
a (large enough to admit three globules of blood at a time) driven in 
a contrary direction to the ordinary one; but this retrograde motion 
laſted no longer than while one could tell four, after which it re- 
ſumed its uſual courſe. To illuſtrate this: I ſaw the blood running 
as deſcribed in ig. 25, NRO, paſſing from N to O; out of which 
artery aroſe a branch or ſmall artery; but here the ſight which at- 
tracted my notice was, that the blood in the artery, PQ, not only 
ſuddenly ſtopped in its motion, but was driven back from Q to P, and 
emptied into' the artery NROP. The cauſe of this, I think, might 
be, that the blood in the ſmall artery, P Q, or in the ſmaller branches 
into which the artery, PQ, was divided, had met with ſome ſmall 
obſtruction, or that ſome muſcle, adjoining to theſe ſmall veſſels, 
ſo preſſed upon them, that the courſe of the blood was thereby im- 
peded, whence the blood was not only ſtopped in its progress, but 
driven by a backward motion into the artery adjoining; for, after 
the ſhort time I have mentioned, the blood reſumed its motion in 
the ſame courſe and with the ſame ſwiftneſs as before. 
In another place I ſaw the courſe of the blood, in the ſame kind 
of artery, very much. retarded for a ſhort ſpace, and immediately 
afterwards in the ſame artery a ſudden protruſion, and directly after- 
wards another ſtop or ſhort interruption in the circulation. This pro- 
truſion and interruption took place five or fix times ſucceſſively, af- 
ter which followed a ſwift and regular motion, and all this was per- 
formed in ſo ſhort a ſpace of time, that I could ſcarcely have ſpoken 
ten words in the interval, 
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In my ſeveral oblervations on the circulation of the blood in fiſhes 
1 have not been able clearly to ſatisfy myſelf with regard to the 
ſhape of the globules or component particles of the blood, for they 
ſometimes appeared of a ſpherieal, and fometimes of an oval and 

even a flat ſhape, and ſometimes an irregular figure; this I ſome- 
times attributed to my glaſſes not being of ſufficient magnifying 
power to diſtinguiſh them, and ſometimes to the poſition in Which 
they appeared to the eye, for, while in circulation, they tumbled one 
over another, ſometimes preſenting one part and ſometimes another 
to the view; and J alſo thought that it might be owing to the ftrait- 
neſs of the veſſels, in which the particles of blood, being of a yield- 
b nature, might, by the compreſſion, loſe their ſpherical figure. 

In order to ſatisfy myſelf in ſome degree on this head, I cut of 
pieces from the tails of ſeveral ſmall flat-fiſh, ſuch as Plaice and 
Flounders, in order to view the blood when drawn out of the veſſels, 
and the rather, becauſe I could not perſuade myſelf, that the na- 
tural ſhape of the particles of blood in: fiſhes was an oval; foraſ- 
much, as a ſpherical: ſeemed to me to be the more perfect form. 
For I was of opinion, that the particles of blood in fiſhes were com- 
poſed of ſix globules, in like manner with the blood in man, and in 
terreſtrial animals: and J feveral times ſaw the particles of fiſhes 
blood, the original texture of which was broken, and in which 1 
could diſtinctly ſee four or five, and in ſome few of them ſix com- 
ponent particles. I, however, thought it worthy of note, that many 
of theſe particles of blood appeared to me of an oval ſhape, ſome 
few others roundiſh, and others of a perfect ſpherical figure. 

In order farther to proſecute my inquiries on this ſubject, I took 
the blood of a Salmon not quite dead, which was received into a 
glaſs tube, about the ſize of a ſmall writing pen: this blood, after a 
ſhort time, became coagulated ; but having reſtored it in part to its 
fluidity, IJ put it into a ſmaller glaſs tube, in which I viewed it, hold- 
ing it ſo, that the particles of blood might be kept in motion con- 
tinually, by which means many of the particles appeared before my - 

Gg2 
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fight with a flat and oval ſhape; in others; the ſides of which were 
turned towards me, I could ſcaroely perceivè any ſenſible thick: 
neſs; and in ſhort, others, where their fides were not exactly turned 
towards me, appeared ſomewhat broader in proportion to their ſire; 
but I could not difzorer' s one FE of W of: 8 Wen —— 
hape. 1143143 4 
The . of a ae APPEATS; tot 4 eye, 0 a Þlackiſh: nfo, 
bs reaſon of the very great number of thoſe particles which give the 
blood its red colour, and which are more in bar in this ns 8 
blood than in others. 
Mioreover, I fpread a ſmall e of this blood: upon a ations thin 
laſs; and I obſerved where tlie particles of the blood lay thin- 
neſt, that they were of oval fhapes, and in many of thoſe oval par- 
ticles, it could be ſeen that they were compoſed of globules; and 
I ſaw a few of them, wherein I oodld n fix e Ving 
in two rows, three and three. 3 
But where the particles of blood lay in nu W cloſe together, 
they were ſo coagulated, that no oval figures could be ſeen in 
them, and all I could obſerve was ſome - confuſed L particles,” f of 
weinen made up one entire particle of blood. 4 z1 Ion 
Theſe renewed. inquiries of mine were, wich; Albent to: wie 
whether I had before been in an error, by ſaying, that the parti- 
cles of blood in fiſhes, were not oval, but ſpherical; becauſe all 
thoſe perſons who had ſeen the circulation of the blood at my 
houſe, were of nn chat — nn were not oval, put 
N au . 
I have heretofore ſaid, es 4 gill beliivey that the bl finda 
in many parts where I have viewed the circulation, are ſo extremely; 
flender, that if a large grain of ſand was divided into a million of 
parts, not one of thoſe parts could paſs through thoſe ſmall blood- 
veſſels, unleſs they were as ſoft and flexible as the particles of 
blood. 
I have uſed all the — in my * in onder, if poſlible, 
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to diſcover” theſe oval particles at Ti time the blood was in its na- 
tural'courſe in the veins; for which purpoſe, 1 ſelected for exami- 
nation, the very ſmalleſt bio ve but though I was very atten- 
tive, I could not ſatisfy myſelf, for ſometimes I ſaw a darkiſh parti- 
cle, then one much more tranſparent; and when I viewed the very 
ſmalleſt veſſels, in which the blood had little or no motion, as 
divers veſſels at the extremity of the fins, the particles of the blood 
lay ſo very thin and ſcattered, that I could not ſee any thing ex- 


cept a liquid without a motion, which: was ſomewhat of a P an gt 
colour.” © F x. ? 


I have heretofore caufell dfowings to be Made of the parcteles of 
blood, repreſenting them of an * oval ſhape, though the limner had 
not the originals before him. I have alſo diluted blood with water, 
becauſe the multitude of its particles impeded- a just view of them ; 
but now, for the greater ſatisfaction of myſelf and others, I gave 
into the hands of the limner a microſcope, before which was placed' 
a portion of the blood of a Salmon, in order that he might make a 
drawing of the particles as they appeared to him. | 

Pig. 26, AB CD, ſhews the oval particles of the blood of a Sal- 
mon, which weighed about thirty pounds. . 

At AB are repreſented' thoſe particles which did not come in a 
ſtraight line before my eye; the others, ſhewn at C, floated ſtraight 
before the ſight: in moſt of them was a luminous ſpot, though in 
ſome larger than in others; theſe the limner alſo obſerved, and 
repreſented them as nearly as he could in the middle of the parti- 

cles in the drawing. Theſe particles appeared black, and I diſpoſed. 
the ſerum in which they floated, in ſuch a manner as to make 
them ſink to the bottom, though with ſome difficulty; and in this 
poſition the limner had. an opportunity of ſeeing ſome thouſands - 
thoſe dee 


— * See Vol I. p. 94. 
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If I had . a drawing of theſe particles, as ay appeared to 
me, I ſhould have repreſented them twice the ſize here ſhewn, 
ſo that here is an inſtance of the diverſity of © aca in n 


Moreover, I placed before a microſcope the blood of a finall 
| ander, not diluted with any other liquor, but the particles were 
floating in their own proper ſerum; theſe particles are n at 
fig. 27, between E and F. 
Although theſe particles are repreſented ſomewhat ſmaller than 
the former ones, I could not perceive any difference in their ſize, 
and I am certain, that there is not ſuch difference, but that the par- 
ticles of blood, whence its redneſs proceeds, are no ſer in a 
Whale than in the ſmalleſt fiſh, 
I alfo put ſome particles of the blood of a ſmall Flounder i in a 
clear and very clean glaſs, and placed them before a microſeope of 
leſs magnifying powers than the former, in order that I might ſhew 
them, even in the dark days of winter, by day-light alone. Theſe 
particles of blood, in the middle of which the light could be ſeen, 
and which was obſerved by the limner, are thewn at 18. 28, de- 5 
tween G and H. 5 
J had alſo ſome blood lying i in a glaſs before deeper cntignkfinds 3 'H 
from theſe the thin ſerous liquor was evaporated, and in ſome few 
of theſe oval parts (which were fo ſeparated, that they did not 
touch one another), it could be ſeen that each of them, as far 
as the eye could diftinguiſh, confiſted of fix globules: theſe fix glo- 
bules the limner imitated as near as he could, as Wee at hg. 29, 
between JI and K. 
After theſe obſervations, I deviſed means to view the dentalen 
af the blood through deeper magnifiers than what I had uſed be- 
fore, in which attempt I ſucceeded ſo as to ſee the rapid courfe of 
theſe oval particles in the blood-veſſels, by ſeveral different microſ- 
copes, and the greater the magnifier, the plainer was the courſe of 
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blood to be ſeen: in order to abate this rapid motion, I-ſometimes 
preſſed the ſmall arteries for the ſpace of two minutes, when I faw 
in divers ſmall blood- veſſels, ſome oval ſhaped particles were ſo ſe- 
parated from each other, that in ſuch veſſels no particles of blood 
could be diſtinguiſhed, not even thoſe of which ſix go to. make up 
one entire particle of blood, but only a fluid ſubſtance paſſing 
through the veſſels, which was almoſt colourleſs, and in one of the 
large blood - veſſels in the tail, which was an artery, the blood ran 
very flowly : in this laſt veſſel I plainly ſaw that the particles 
of blood in it were oval, and I not only ſaw them plainly, but I 
could, more diſtinctly than before, obſerve the component glo- 
bules, of which all, or the greater part, of theſe oval particles were 
compoſed. 

It is eaſy to conceive how ſix globules of a yielding or flexible na- 
ture, in continual motion and ſtriking againſt each other, may form 
a perfect ſpherical figure, as I have elſewhere obſerved : for exam- 
ple, let fig. 30, repreſent the original compoſition of a particle of 
blood, conſiſting of fix globules, five of which appear to the eye, 
and the ſixth is out of ſight. I have myſelf with wax made up ſuch 

a globule, conſiſting of ſix ſmaller ones, as is pictured at fig. 30 and 
31, and each of thoſe ſix, of ſix others in order to expoſe to the 
view of the curious, the make of theſe globules of blood; for I may 
lay it down as a fact, that each globule of our blood conſiſts at leaſt 
of thirty-ſix globules; theſe before mentioned globules, preſſed to- 
gether, in conſtant motion, and flexible in their nature, are, as it 
were, mutually compacted together, and aſſume a perfect ſpherical 

ſhape, as ſhewn at fig. 31. 

From this diſpoſition of the 1 we may conceive how the 
globules of blood, in men and animals, have a round figure, but 
how thoſe oval particles of blood I have been treating of are 
_ compounded, and made up of fix globules, is not eaſy to com- 


prehend. 
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1 have before ſaid, that T believed every globule in our blood 
I mean thoſe, ſix of which go to make up a perfect globule, as is 
ſhewn in fie. 30, is itſelf compoſed of 'fix globules, and who 
knows how this is performed? For in how ſmall parts ſoever we, 

in imagination, divide a globule of blood, there may, nevertheleſs, 
be particles of which ſuch a globule conſiſts, infinitely ſmaller, and 
I wonder that any will be ſo bold as to publiſh what they do, re- 
ſpecting the original particles of matter; for my part, I think, that 
could I divide, even in imagination, a globule of blood into a thou- 
ſand million of ſmaller particles, “ 1 ſhould not go the extent of its 

component parts. | 0 
Since we now ſee, as before is obſerved, that the n len of 
| blood can, by preſſure, be divided, and ſo united with the thin li- 
quor in which they float, that we take it for a ſimple or uncom- 
pounded liquid, we may imagine, than when a horſe preſſes his 
breaſt with a heavy load, the globules of blood in the veſſels, where 


the preſſure is (greateſt, may be. diſſolved or divided in the veſſels, 
and united with the fluid, which phyſicians call the ſerum... ' 


I have alſo thought, whether or no the particles of blood, ſo di- 
= vided or diflolved, may not, when removed from the incumbent 
preſſure, aſſume their priſtine figure, in like manner with the parti- 
cles of fat or tallow; for, if a portion of ox's or ſheep's tallow is 
expoſed to the fire, the particles of fat, which we call- globules, as 
having the neareſt reſemblance to that ſhape, are diſſolved and ex- 
= |  hibit only a clear tranſparent liquid, even to the microſcope, but 
| = when the heat ceaſes it again appears in the ſhape of globules, and 
= if melted ten times over it fill, when cold, aſſumes the ſhape of 
_  - ſpherical particles. | 

I have likewiſe laid it down, as my opinion, that no blood, which 
is carried in a vein to the heart, can become arterial blood, unleſs 
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„The Latin tranſlation — it decem millies, ten thouſand: but the author's own words 
are, duyfent millioenen, a thouſand millions, : 
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it it bas firſ paſſed into the heart; but ſince, in one of the obſerva- 
tions I was. making only for my amuſement I ſaw the contrary, 1 


have cauſed a drawing to be made of that appearance, in which 
globules of blood, in order more  Plainly 1 to deſcribe the circulation. 
72 1 Gili 871 II vis 
1 to From this is blood e e. wo 1 
Wo 0-1 
C1413 1+ 4 Th dA 1 : 
| blood running rom £ 4 toward 18 upited to the veſlel 
F at that letter, and by this means 1 blood. ifung, out... of the 


drawing I directed the blood - veſſels to be repreſented rather larger 
than they appeared to me, arid inthe middle of the ſmall veſſels there 
are no dots: thoſe dots, in other parts of the figure, denote the 
12 us ſu pole A B, i in . 32, | to | be a a vein 11 in w. which „ by the mi- 
cro co e, | the blood ay | be or driven with great ſWifin nels f from 
ve ſued two ſmall branches, x repre- 
ſented at the letters 6 and D, Which v were united between the let- 
ters E and F. | hve furl ae; 
On the other hand, the leiter H I expitie an arter r 7 through which 
the blood was, with 1 like ſwiftneſs, d riven from, E to 1, and. from 
this artery, H! E 5roceeded a a branch, thew n at the letters K * 
Now the dle blood Kt united 
artery 18 in part infu ed into 4 vein an | carried from F to G ; and 
the ſame. quantity of - blood (as according to my moſt accurate 
obern appeared) as was carried from K F to G downwards, fr 


much blood of that,. which was as carried from, Cc E to F, was carrie . 
upwards front F to L; ſo that as much of the arterial blood as the 
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veſſel, KF, 4 5 into the veſſel, F G. 40 much of the venal 
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blood did t he veſlel, C 3 convey into the vellel, F ; And, though 
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1 have often « en oyed great plealure 3 in viewing | the A of. 
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blood, this ſpecta Kacle, which I have been Juſt deſcribing, w was more 
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delig rhtful maß any 7 other, becauſe. I could moſt clearly a and nelly, 
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ſee He objects 1 45 deſeribed, and alſo, becauſe I never before ſaw 
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ſuch a con) junction or communication between the blood-veſlels. 


Vor. II. 


on PHOSPHORUS. #* 


A CERTAIN German gentleman, who ſaid he was a Doctor of 
Phyſic, and newly come from England, paying me a viſit, with 
the compliments of ſeveral of my friends in London, after fitting 
with me sometime, produced a ſmall veſſel filled with water, at the 
bottom of which lay ſome ſmall pieces of a whitiſh ſubſtance, in- 
clining to a tinge of yellow; theſe he took out of the water, and 
with one of them he traced upon paper ſome letters about the ſize 
of a joint of one's finger; and though at firſt, nothing of theſe let- 
ters was to be ſeen on the paper, yet upon removing it into a dark 
place, the paper ſeemed to be on fire in every place where the let- 
ters had been traced : but this fire was very pale or faint, and ſe- 
veral hours afterwards viewing the paper in the dark, the letters 
had ſtill a lucid appearance. He alſo took æ ſmall piece. of this 
ſubſtance and put it between two pieces of whited. brown paper, 
and rubbing them briſkly fix or eight times with his cane, in the 
place where the before mentioned ſubſtance lay, to my great ſur- 
prize, I ſaw the paper, by means of the friction, burſt into a flame. 
This medical gentleman told me, that this ſubſtance was pre- 
pared by diſtillation from urine which had been long kept, and that 
it could not be preſerved, unleſs kept under water: he gave me a 
piece of it, and with a particle thereof, about the ſize of a pin's 
head, I repeated the before- mentioned experiments three ſeveral 


* Mr. 3 calls this ſubſtance ligt der nature, which the Latin Tranſlator 


renders lumen naturale, in Engliſh, natural light: from the deſcription here given, it can be 
vo other than the Phoſphorus of the ſhops. | 
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times, not only with the ſame event, but 1 alſo oo that — — 
the letters had been ſo traced, and the paper Was brought ſo near 
the fire as to warm it, the places where the letters had been traced, 
were immediate 7 inflamed, and the flame ſpread farther over me; 
paper. 


me, by a meſſenger, a ſmall veſſel full of water, in which was a 
ſubſtance about half as big as a pea, and informed me that it was a 
mineral, and called natural light; being a part of what had been 
given to a chymiſt in the town where he then was, by a perſon who 
had received it as a preſent from ſome other, and the half of it was 


no ſent to me. My friend alſo informed me, that he had himſelt 


ſeen, that when taken out of the water and laid in a perſon' s hand, 


a vapour and ſmoke iflued from it, and, upon being carried in the 
hand into a dark place, it emitted a light ſimilar to that produced 
from rotten wood. Upon viewing this, I immediately judged it to 
be the ſame kind of ſubſtance as that which I had received from the 
German gentleman ; for, upon viewing it with the naked eye, and 


trying the ſame experiment of its effect, the whole were as exactly 
alike, as if it had been broken off from the ſame piece; I there- 


upon ſet about a diligent examination of this ſubſtance, and noted 


the following particulars in it. 


I poured the water and this ſubſtance i in it out of the veſſel, and 


cut off, while it was under the water, a piece or particle, about 
the ſize of a pin s head, having firſt prepared a glaſs to receive it 


and make my obſervations. Having put this particle on the glaſs, 
I immediately placed it before the microſcope, and ſaw lying about 


it a ſmall portion of ſome kind of moiſture, and the particle itſelf 


appeared like a dark body, excepting only, that in two places, there | 


was a ſmall luminous appearance: I alſo ſaw a great number of 
particles, which I deemed to be globules, in violent agitation one 


among another ; theſe globules were collected in two places on the 
H h 2 


Soon after this, a friend of mine, who was on his 7 — * ſent 


| 


— 


1 which had been expelled, Was evaporated, and ſome faline particles c 
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particle, and then, wefe, as a8 it were, driven, off, 105 i ang wie, 


they had got to about live « or fix hairs' breagt 0 65 om the ſubſtance, 5 


of dhe particle, they ig diſa peared. . Alt het uses, viewed by the 


eye, exhibited the appearance . of ſmoke 3; ſoon afterwards, 


Ts 'S by 


Ne 


naked 


ſeveral ſmall luminous parts appeared © on the particle, which by de- 


grees increaſed | fo. far, that t, through, the, Pi RE they, gaxe me 
the repreſentation of a Piece of, burning toy: uh, ſome. aſby, Parks: 


here and there ; covering its f ſurface, 


But t what 1,moſt wondered at t was, that what, 1 I, | have. aid 2 


„ ; 


the abe g of ſmoke, did not. di cherte, itte in the , air, nor 
moun ards, as we obſerye « common. ſmoke t to 71955 but. fell back 
on the 15896 ſo that round about. this particle of ſubſtance, . called 
natural lizht, there, was not only more, moiſture than before, but 


1. 8 
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at the diſtance of half an inch from it, there lay a very tranſparent. 


moiſture or liquor, confil iſting of x minute round particles of different 
ſizes, 2 a1 nd theſe ! in ſuch numbers, that. it was, wonderful, to behold : 
many of theſe ſeemed to be watery, others 1 50 Ae | 
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appearance of e Kill iltued from the par 5 dy 1 F 0 . | 
it into a dark place, to ſee whether the ſame kind of light was 
emitted from it as I had ſeen. the evening. before, but I could not 
diſtinguiſh any. 
After it had remained twenty-four hours, in,my cloſet, expoſed to 

the air, I again examined it, but 1 could not perceive any thing 
expelled from. it. 1 then lighted ; a candle, excluding the day-hght, 
that I might ſee more acutely, and then I ſaw ſome globules ex- 
pelled, which I think was principally cauſed, by the heat of the 

candle; for 1 obſerved, that all the moiſt part of che ſubſtance XS 


wo 


of "irregular figures were coagulated. 
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 Moreoyer,, I prepared.a glaſs tube, in which, no liquor had ever 
been, and taking one half of this ſubſtance, called natural light, out: 
of the water, I, wrapped-it' in! blotting; paper to; dry up, any part of 
the water which might adhere. to it; Being: thus. dried, I put it 
into the. glaſs, tube, with intent, to cloſe the orifice: by heat; firſt 
uſing the neceſſary precaution. that the glaſs might remain cold, en- 
_cepting-the hare: and, which 1 cloſed by applying it nber 2 
a, candle. 

Having thus Gait the glace, 1 ame the- cleaning hade pat, 
N it, and ſaw. an incredible number of globules, iffuing from is 
producing round about it an appearance of vapour or ſmoke; and 
at length forming a; collection of watery and. oily matter, tn 
gathered about the particle in ſuch quantity, that, after an hours 
time, they. impeded my view. of the globules-which were expelled: 
whereupon. by ſtrongly ſhaking the glaſs, I removed the particle into 
a freſh, place, and then, again examining it, IL ſaw the globules 
expelled from it in as great numbers as before, and after three 
hours, they formed ſuch a collection of moiſture; as again to nder 

cept my view of the globules as they were expelled. 

I, brought the glaſs; containing this ſubſtance; near to the heat 
of the candle, and immediately placed it before the mieroſeope; 
and then I ſaw, not only a great number of globules expelled from 
it, but; alſo, many globules expelled from that part which had been 
converted into a liquid-; and in ſome places I ſaw that the heat had 
changed the liquid into hard or ſolid corpuſcles, to which, by reaſon 
of their minuteneſs, I could not aſſign any determinate ſhape, and. 
which, to the naked eye, repreſented a white appearance. | 

J again brought the glaſs to the candle, and expoſed it to a greater 
degree of heat, imagining, that when, in this cloſed glaſs, I had 
driven the liquid from one place, I ſhould find it collected in another, 
but in this I was miſtaken, for all the moiſture was changed into 
rigid corpuſcles, and though, on the next and following days, I. 
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* the ſubſtance in the glaſs, 1 could not pereeive any 
maiſture. | 


The piece of this ſubſtance which I had left Wemag T put into 
a glaſs tube, the cavity of which was not larger than the tip of a 


child's little finger, whereas the former tube was more than three 


times that ſize. This I examined by the microſcope, placing the 
particle in a ſomewhat oblique point of view, and then, not with- 
out wonder, I perceived the globules expelled from it; which, to 
the naked eye, appeared as ſmoke, not riſing up on all ſides, as is 
univerſally obſerved in common Woke,” but, on the ame that 5 
they tended downwards. 155 

To illuſtrate this, let AB CD, Plate XVIII fee, 1, repreſent this 
piece or particle of ſubſtance, which is called natural light, and let 
A be ſuppoſed the lower and C the upper fide of it, and in this po- 
ſition the globules, expelled between E D and G, were driven down- 

wards, that is, towards H, and, in like manner, the globules be- 
tween E B and F were driven towards H; and when T made B 
the lower part, all the expelled matter took its courſe towards K, 
and if D was made the lower part, then it all tended towards I. 
This expulſion of globules laſted only two or three days, and, as I 
ſaw no farther alteration for ws ſpace 1 two or three weeks, I laid 
the glaſſes aſide. 

This ſubſtance was ſent to me on the fifteenth of Avril, 1693, 
and in the middle of Auguſt, in the ſame year, I looked at the firſt 
mentioned glaſs, when I was greatly ſurpriſed to find that it ſeemed 
to be all vaniſhed out of the glaſs, whence, at firſt, I doubted whe- 
ther this was the real glaſs which I had uſed: but, ſeeing a great 
quantity of tranſparent moiſture in it, I became more ſatisfied that 
it was the same, and the more ſo when, upon warming the glaſs and 
the moiſture which adhered to it, towards the warmth I ſaw the 
moiſture immediately change into a white ſubſtance. I then exa- 
mined the other, and the ſmaller glaſs tube, which was still cloſed my 
up, and I could not diſcern any alteration in the contents. 
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In order to give a better idea of the manner of making my ob- 
ſervations on this ſubject, I will explain how I prepared the ſecond 
and ſmalleſt glaſs tube which I uſed. _ - 
I took a glaſs tube, of the length and ſize repreſented. at he = 
A B, and by the help of a braſs pipe, which goldſmiths and other 
artificers uſe to ſolder ſmall pieces of work, which they call a blow- 


pipe, and by applying with it the flame of a candle I blew at the end 
of it the ſphere or glaſs globule, fig. 3, FDE. 


When this ſphere and the whole glaſs was cooled, I dropped in- 
to the opening, C, the particle of the before mentioned ſubſtance, 
called natural light, which reſted at the place E: I then took the 
ſphere between my fingers, that when I ſhould again approach the 
tube to the fire, there might the leſs heat reach to the ſphere, then, 
directing a ſtream of fire to the tube, at G, until the glaſs. was hot 
enough to be extended, I gave it the figure ſhewn at fg. 4, HIK L. 
I then broke the glaſs at the ſlender part, H, and the tube then was 
of the ſhape ſhewn at fig. 5, MN OP, and when the glaſs was again. 
cCogl, 1 brought the orifice, M, to the flame of the blow-pipe,. 
whereby the glaſs. immediately melted, and the orifice was cloſed.. 
This glaſs having remained cloſed up for ſo long a time as I have men- 
tioned, I broke off a ſmall piece at M, cauſing an aperture about. 
the ſize of a pin, and from which the air, ruſhed out with ſo much. 
force as to produce ſomething of a noiſe. I then immediately ob- 
ſerved the ſubſtance in the glaſs, and ſaw the globules driven from: 
it in as great numbers as if it had been but newly put into the glaſs. 
I examined it ſeveral times the ſame day, and conſtantly ſaw the 
expelled matter tending downwards, as I have before deſcribed. 
The following day the matter was ſo diminiſhed that two ſmall 
cavities were formed in the middle of it, and the moiſture was ſo: 
much increaſed that the matter ſwam in it. In the evening of that 
day two third parts of the ſolid ſubſtance were waſted : I then took 


the piece out of the water, and ſaw the globules expelled from it 
as large as ever. 


EC). 


An ede hi ug dr we third day after the wks Had been bpened, 
I examined it, and faw that but u firtll part Was tettaining, Yer tie 
globules were expelled with the fate forte; in the evening, About 
nine o'clock; it was diminiſhed to leſs than the fize of a large grain 
of fand, and yet globules were . from it though in 10 great 
number, by retfon of its tminuteneſs. 1 
On tlie fourth day there remained fo ibs then the TR K 4 mall 
grain of ſand, yet the expulfion"df globites Hill continued : in the 
evening there was notliing remaining of it deſerving to be len- 
tioned, nor did I fee any more globules iſſue from it. 1 
During the courſe of theft ry obſervations I have often conf! 
dered what might be the cauſe why flame is ſo eafſly produced from 
this ſubſtance, but have not been able to ſatisfy elf oH that 
head. This, however, ſeems certain to me, that this fubſtance may, 
in great part, be kept out of water uridifiniſied, provided it be pre- 
ſerved from communication with. the air, and closed up in ſome yeſ- 
ſel, as J have mentioned. 
If any perfon fflould nate! 0 reality my deſtrijtibh of the 
glaſſes fabricated by me for theſe and my other obfervations; that I 
amm verſed in the art of glafs-Howing; T mult inform Hfth, Marth 
only knowledge I have tliereiti was acquired from thoſe artiſts who, 
at our fuir-times, came to exhibit the manner of blowing in glaſs 
by the candle or lamp; and, by obſerving tlieir manner of working, 
I have learned fuffioient to A frank for preparin . glaſſes to 
anſwer 155 ſeveral purpoſes. | * 5 


ue Sting of @ Gnat, as deſeribed by Swammerdam, ſhewn to have 


been erroneouſly pictured by him. The Author's deſcription of the 


Gnat's Sting, and alſo of that of the Horſe , and the Feathers 
on the wings of Ghats, Fe 


Docror John Serta has lately printed and oubliſhed 
to the world a figure of the Gnat, as drawn from the microſcope, 


and particularly its ſting out of the caſe of ſheath, which ſting is 
pictured exceedingly pointed and ſlender, and extended to a great 


length from the ſheath. Upon viewing this figure, I could not per- 
ſuade myſelf that the ſting was, in reality, formed in the manner 
there exhibited; for I was well aſſured that, if of ſuch a ſhape, it 
muſt either be bent or broken when thruſt into the ſkin; nor could 
IL eaſily believe that in the head of a Gnat, or in the fore part of its 


body, there could be contained muſcles or organs of ſufficient length 


and ftrength to give the- ſting its necessary firmneſs, For theſe rea- 
ſons I determined to examine into the true formation of the Gnat's 
ſting, and I was alſo deſirous of diſcovering, if poſſible, the reaſon 
of the great pain it excites, and of ihe ſwelling on the ſkin cauſed 
by the puncture. 

I could not diſcover that the Gnat, when ſinging, protruded the 
ſting from the extremity of the ſheath (though I thought I ſaw, 
rather obſcurely, a ſmall part of the ſting ſo protruded), but I al- 
ways found that the Gnat made a wide opening on one ſide of the 
ſheath, in like manner as if one was to hold a ſword in a ſheath, the 


leather fides of which were laid together-in ſuch a manner that, when 
the ford was to be uſed, it would not be neceſſary to draw 
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it wholly out, there being an aperture left on one ſide of the ſheath, 
which might be opened by a touch. 

Having taken out the ſtings of many Gnats, through TT: TRIER 
in the ſide of the ſheath, and havi ng examined ſeveral Gnats, who 
protruded their ſtings, ſome in part and others to their full extent, 
through the ſame aperture, I fancied that I ſaw the extremity of the 
ſting to be pointed like a spear, and to be barbed or Jagged on each 
fide. | But, on more narrowly examining the ſtings I had extracted, 
I found J had been miſtaken in this: that what T at firſt took for one 
ſingle ſting was, in reality, compoſed of tour parts, for, out of what 
I before deemed to be only one I took two tings, each having hooks 
or barbs at the ends; the third part, from which I took thoſe two 
(and which might alſo be called a ſting}, was open on one fide, in 
like manner as T have mentioned reſpecting the ſheath, and termi- 
nating in a point, and appearing, through the microſcope, like a quill 
cut ſloping: the fourth piece, which was exceedingly thin, ſeemed to 
be placed round about the laſt mentioned ſting, but, when I exa- 
mined it more narrowly, I ſaw that it alſo lay in the cavity of it. 

When I had ſeparated theſe four pieces of the ſting from each 
other, they did not preſerve their ſtraight figure, but became ſome- 
what bent, eſpecially thoſe two which had hooks on them, ſo that 
I could not place theſe two laſt before the microſcope to my wiſh. 
Hereupon I was obliged to cut aſunder thoſe four pieces, and give 
diſtin drawings of each of them from the microſcope, in order to 
ſhew to all men, and in particular to my own countrymen, (who I 
ſuppoſe are more tormented with theſe inſects than the people of 
other nations, by reaſon of the many ſtanding waters we have, where 
they breed in great multitudes), this reacts od formed and miſ- 
chievous weapon in the Gnat. 

To place all theſe things in a clear and diſtin 1 view, I will firſt 
exhibit the figure of the Gnat's ſting, as deſcribed by Swammerdam, 
and which he says he himſelf has ſeen. Plate XVIII. fig. 6. AB 
CDE, is, as Swammerdam ſays, the ſting of the Gnat, with its 
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ſheath or TY ABDE being the caſe, and B C D the ſing, which 
ſting, he ſays, is ſo ſharp at the extremity, that he could not, with 
his beſt microſcopes, diſcern the point. 

Fig. 7, repreſents the ſheath and the ſtings of the Gnat, as s placed 
buy me before the microſcope, and drawn by the limner from the 
life, by my direction. FG HL is the caſe or ſheath, which the Gnat 
opens on the ſide, at G H I, in order to protrude the ſtings when 
it is going to ſtrike: this ſheath is covered with hairs, and between 
them with many ſmall feathers, but which feathers are fo cloſely 
joined to the body of it that they are rarely to be ſeen. H K is a 
part of thoſe four organs or ſtings, as they are regularly placed be- 
ſide each other, and at ſuch a diſtance from the ſheath as the Gnat 


protruded them of its on accord, and not forced out by me, unleſs 


in killing the animal I did it inadvertently. At K are ſeen the barbs 
or hooks with which the ſtings are furniſhed. The colour of theſe 


ſtings is like that of tranſparent tortoiſeſhell. FI is that part of the 


| ſheath and ſtings cut off next the Gnat's head. 
' Fig. 8, LMNOP, repreſents that part of the ſting, or ſecond 
caſe, from which I extracted the two other ſtings, the points of which 
are furniſhed with hooks. This has an opening from end to end, 
through which the other ſtings may be protruded, in like manner 
as J have mentioned reſpecting the firſt ſheath : I have alſo, through 
this NOS oftentimes drawn out all the three ſtings which lie 


| within it. 
LM QO, is another piece, lying upon the e —_ ys 


ſomewhat broader and longer than the other, ſeems as if deſigned 
to cover it like another ſheath, but 1 have often drawn it out of the 


cavity of the piece LM NOP. 
Fig 9, RST, repreſents in part all the ſtings, and here may be 


diſcerned the two inward ones that are barbed, exhibiting the ſame 


appearance as at HK. Theſe two interior barbed ſtings are won- 


derfully thin but not flat, for if ſo they would, by their thinneſs, be 
unable to bear any force, and ſtill leſs haye power to perforate the 
I 12 
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ſkin. But they have a third ſide'on the back of: each of them, * 
their figure, in that reſpect, is like that of a ſmall ſword, which, by 
reaſon of its ſmallneſs, muſt neceſſarily have a third fide to give it 
_ ſtrength, agreeing, in that reſpect, with theſe ſtings of the Gnat. 
Hitherto it has appeared no otherwiſe to me than that each of 
theſe barbed ſtings has the barbs or hooks only on one fide, and 
| when they lie on the inſide of their caſe, or more properly, within 
the thickeſt of the ſtings, their flat ſides are cloſe together, and 
7 thoſe ſides which are barbed lie on the outſide, ſo that when all the 
pieces of the ſting are placed together in order, they exhibit, when 
taken out of the ſheath, the 3 of a _ * barbed or 
hooked on each fide. 
Fig. 10, VWX, repreſents one of the two barbed ſings taken 
out of the cavity of the other * one of them being a little 


© 2 longer than the other. 


Fig. 11, abc, repreſents a part of one of the two laſt mentioned 
ſtings, which, by reaſon of its exceeding thinneſs, was bent in this 
ſhape, but in this poſition, the hooks or barbs cannot be diſtin- 
guiſhed ; placing the flat fide of this before the microſcope, the 
point of it appeared as at fig. 12. Upon turning it round a little, 
the point appeared as at fig. 13, and turning it ſtill more, the hooks 
became viſible, as is ſhewn at fig. 14. . 
If we conſider the formation of theſe ſtings, though we know not 
how the Gnat ſtrikes them into our bodies, or moves them about 
when there, we may, nevertheleſs, eaſily conceive, that when 
driven within the ſkin, they may make a very ſenſible, though mi- 
nute wound, and by reaſon of their length, a much deeper ons 
than is occaſioned by lice, fleas, or other ſmall vermin. Again, ſo 
long as the Gnat is ſucking the blood which iſſues out of the 
wounded veſſels, there will not any ſwelling appear. But when 
it draws out the ſtings, the juices of the wounded veſſels continuing 
to iſſue, there muſt neceſſarily ariſe a greater ſwelling than uſual, 
becauſe, as I before ſaid, the ſtings enter ſo deep, and another rea- 
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ſon is to be attributed. to the minuteneſs of the Kings, which make 
ſo ſmall a wound, that the ſkin, eſpecially that part next the ſur- 


face of the body, Cloſes: immediately upon the extraction of the 
. 


If any perſon ſhould- bu deſirous to follow my example: in the ex- 


amination of the Gnat's ſting, I caution him to arm himſelf with 
patience in the purſuit. I have often opened the ſheath or caſe 
incloſing theſe ſtings, and taken them out as they lay regularly 
placed beſide each other, but to ſeparate the four parts or pieces of 
this ſting, and to place them before the microſcope, ſo as to give a 
diſtinct view of them to others, requires no ſmall labour and pains. 


I have deſtroyed above an hundred Gnats in accompliſhing this 
purpoſe, and have been obliged to repeat my obſervations many 


times, for though I could ſee all the pieces, and did my beſt to fix 
them before different microſcopes, it often happened, that while I 
was buſied with one of them, I loſt fight of another; for which 
reaſon, I was obliged to make new trials and obſervations many days 
together. | 

I thought it would not be amiſs in this place to give a figure of one 
of the two ſtings which the large Flies, commonly called Horſe-flies, 
carry in a ſheath in their heads near the mouth ; which, as drawn 
from the microſcope is ſhewn at fig. 15, AB CD, and I have cauſed 
this drawing to be made, not only to ſhew the nature of this fting, 
being of a flat ſhape and very ſharp, and with which the animal 


torments horſes to that degree, that they kick and leap about the 


field even at the fight of that Fly, but alſo to point out that as the 
ſting from D to C, is exceeding thin and ſharp; ſo from C to B, 
where it tapers to a point, it grows thicker and thicker to the very 
extremity at B, by which means it is of the ſame ſtrength through- 
out; ſo that, in a word, we cannot but obſerve the greateſt perfec- 
tion in the formation of the ſmalleſt animals. 

The feet of a Gnat, and its whole body, are covered with very 
beautiful feathers, one of which, drawn from the microſcope, is 


. 
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ſhewn at fig. 17; the wings alſo are covered with feathers. Fig. 
18, is.one of the wings of the ſize it appeared to the naked eye; 
fig. 19, ABC, is the ſame wing ſomewhat magnified, in order .to 
ſhew, not only that the whole border of it, AB C, is covered with 
large and ſmall feathers, but alſo the nerves or bony parts, DDDD, 

which give ſtrength to the wings. One of theſe feathers magnified, 
is ſhewn at fig. 20. The membrane or thin ſkin between theſe parts, 
appears, when viewed by the microſcope, to be covered with a great 
number of exceedingly minute particles elevated above the ſkin, and 
theſe, upon a cloſer examination, I found to be, in truth, hairs: 
they are to be ſeen at fig. 21, which is a ſketch of a ſmall portion of 
the whole wing. A BC, are the feathers on the border, and ADE C, 
the hairs on the membrane of the Ving. 


— — — 
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of computing the quantity of moiſture which t Mues N the human 
body, by that evacuatioon. 


Havixe had a . diſcourſe with a certain medical cintlim_a on 

the ſubject of what is called Inſenſible Perſpiration, or the great 

quantity of matter or ſubſtance which iſſues from our bodies, and 

which we are unconſcious of, I determined to make an experiment 

on this ſubject, by an obſervation of the perſpirable matter * 
not from my whole body, but from one of my hands only. 


For this purpoſe, I took a glaſs jar, wide enough to admit my 


hand, which; Jar, as far as I knew, never had any thing put into it, 


except clean rain water; and having wiped it as dry and clean as I 


could, I put my left hand into it, ſtopping the aperture round my 
wriſt with a cloth, that none of the perſpirable matter might eſcape 
from the glaſs, and I then began to drink tea until it not only 
warmed me, but brought on a moderate perſpiration. 
After ſome time had lapſed, I perceived the perſpirable matter 
iſſuing from my hand, collected on the inſide of the glaſs, exhibiting 
the ſame appearance as when in ſummer time, a bottle of wine is 
brought out of a cool cellar into the warm air, whereupon the 


moiſture in the air will condenſe and ſettle on the glaſs round the - 


wine. Soon after this, the moiſture was ſo increaſed, that it ad- 


hered to the glaſs in ſmall drops, and at length thoſe drops ran down 


and ſettled at the bottom of the glaſs. After I had kept my hand 
in this ſituation three quarters of an hour, I took it out of the glaſs, 
and with all the accuracy I was able, I weighed the perſpirable 
matter which had iſſued from it, and found it to be the ſixteenth 
part of an ounce. 

In the latter end of the month of January, I repeated my obſer- 
vation, by again putting my hand, while it was very cold, into the 
glaſs, and ſitting down by the fire, I began to drink tea, ſo hot and 
| ſo plentifully, as to produce a copious perſpiration ; and after keep- 
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ing my hand in 1 the glaſs a whole hour, I collected the deep 
matter, and found it to weigh three thirty · ſecond parts, being a 
ſixteenth and the half of a ſixteenth part of an ounce. 

Hereupon, I began to conſider and reaſon thus with myſelf; if 
the perſpiration i in every part of one's body is in the ſame propor- 
tion, as in the experiments with the hand, how great a quantity of 
moiſture muſt ifſue from our whole bodies, and how neceſſary muſt 
it be when we take any medicine to promote perſpiration, that we 
| ſhould alſo recruit our ſtrength by ſome reſtorative liquor, ſuch as 
either wine and water ſweetened and boiled with the yolk of an 


egg, or elſe drink meat broth ; eſpecially if we conſider, that the 
| health and ſtrength of our bodies depends on the juices. 


In order to make an eſtimate of the proportion the hand bears to 
the whole body, I filled the before mentioned glaſs jar with water to 
the brim, and having placed it in a larger veſſel, I thruſt my hand 
into it: the water which ran over, and was equal to the ſize of my 
hand, I collected, and found it to weigh eleven ounces. I am in 
deed aware that we cannot make a true computation of the ſurface |. 
of the body by that of the hand, becau e the hand is furniſhed with 
fingers, from which the perſpirable matter iſſues. However, if the 
perſpiration is the ſame throughout the body as in the hand, I 
will venture to ſay, that according to my preceding obſervations, 
I ſhould perſpire in an hour's time, about the quantity of tw enty 
ounces. For I reckon my body to weigh one hundred and fifty 
pounds, and my hand eleven ounces, and I compute that eleven 
_ ounces weight of water contain eighteen one-third cubic inches, 
and this I ſet down as the ſolid contents of my hand. Farther, I 
reckon that ſixty-five pounds weight. are a cubic foot of water, and 
contain 1728 inches; and according to this. calculation, we ſhall ſee 


that the ſize of my whole body is almost two hundred and eighteen 
times larger than that of my hand. 
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On the propagation and rapid increaſe of the common Fly : the 
manner in which the common Nettle ou pain and inflam- 
mation explained. | 


7 A SURGEON of ſome eminence in theſe parts, l to meet 
with me, ſhewed me a piece of glandulous or fungous ſubſtance, 
about the ſize of a finger's nail, which he had taken from the diſ- 
eaſed leg of a certain gentlewoman, whoſe leg from the foot to above 
the knee, had for ſome years been uncommonly covered with thoſe 
kind of tumors, and he told me, that having waſhed this ſubſtance 
in brandy, and afterwards cut it open, he had perceived in it a num- 
ber of minute maggots: theſe he produced to me, but they were 
ſo ſmall, that I could not diſtinguiſh them without my ſpeRacles. 
A piece of this ſubſtance was put into my hands by the ſurgeon, 
in order that I might examine into the nature of thoſe maggots. 

Upon my return home, I examined them by the microſcope, 
and was immediately convinced that they had been produced from 
eggs laid by ſome Fly upon the diſeaſed part, and I had no doubt, 
that from them would be produced other Flies of the ſame ſpecies 
with that which had laid the eggs. This I communicated to the 
ſurgeon, who, at firſt, did not give much credit to it, as not being 
able to conceive how any Fly could find its way to the part to lay 
thoſe eggs. 

In purſuit of my inquiries, concluding that the piece of geh on 
which theſe maggots were found, would very ſoon be conſumed by 
them, I ſupplied them with other pieces of meat, which they alſo 
devoured; and I continued to feed them with freſh meat until the 
fifth day, which was the laſt day, when, preparing again to feed 
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them, I "REP to my great ſurpriſe, that having left the box which 


contained them open to give them air, they had all crept out of 


the box, and it was not till after a diligent ſearch, that -I found 
many of them (for they had been fifty in number), in the corners 


and chinks of my ſcrutoire: they had in theſe five days grown to 
ſuch a ſize, . that each of them was as long as one of my nails; and 


the reaſon. of their quitting the box, I concluded to be, that having 
grown to their full fize, and requiring no- more aliment, they con- 
cealed themſelves in holes and orten, in order to undergo their 


next transformation. 


The next morning, being the firſt of Au uſt, one of theſe mag- 
gots, whoſe. body had been ſharp or pointed at one end, was con- 
trated one third in length, ſo as to be of an equal thickneſs at each 
end, and exhibited the figure of a ſmall barrel: in the afternoon of 
the ſame day, four others of the maggots had aſſumed the ſame ſhape, 
and they were changed from their original white, to a yellowiſh 


colour: the next day they became red, and ſo all the maggots, from 


day to day, changed from a yellowiſh to a red, and at e to a 
blackiſh colour. 

Two of theſe cryſales or grubs I put 116 a glaſs, and carried 
about in my pocket, with intent to expedite their change into Flies, 

but after five or ſix days, I found the heat was injurious to them, 

for they began to ſhrivel up, and conſequently, I judged, would 5 


produce any living creature. The others I placed on a paper, co- 


vering them with a glaſs, and at the end of nine days, I opened 
three of them, and took out of each a perfectly formed Fly, but 
very moiſt, and without any motion that I could diſcover ; they 
vere incloſed in a thin membrane, beſides the outſide. hard ſhell 


which contained them. I could not at firſt diſcover their wings, 


but examining them more narrowly, I perceived the wings folded in 
exact order on their bodies, and having ſeparated them from the 
bodies, I found them to be perfectly formed; upon opening the 


bodies of theſe unborn Flies, I took out of one of them a great 
— of eggs. 
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On the fourteenth of Auguſt, I ſaw four fully formed Flies flying 


4 abbot the glaſs, and that the ſhells or veſicles from which they had 


iſſued, had a hole at one end: upon my putting ſome _— comming | 


7 the glaſs, the Flies immediately fed upon it. 

Ihe next day all the other aurelias or grubs produced ng! Flies 
er two which I had injured in the handling, and at the ſame 
time I perceived many other Flies on the glaſs in my cloſet, which 
I concluded came from the maggots which had hid themſelves as 
before mentioned. I placed before thoſe Flies ſome pieces of raw 
fleſh, but none of them would feed on it; nevertheleſs, on the 
. ae of Auguſt, they all fed greedily on a piece of fleſh. 
On the twenty-eighth of Auguſt, I opened three of theſe Flies, 


and took out of one of them a great quantity of oblong eggs, each of 
Which was a twenty-fifth part larger than the eggs I had taken out 


of the Flies which were not hatched ; and what appeared to me 
worthy of note was, that to each of theſe eggs was fixed an ex- 
ceeding ſmall black veſſel, through which I conclude each egg had 
received its nouriſhment. All theſe minute veſſels aroſe out of 
larger and darker coloured veſſels, and thoſe again ,out of a much 
larger one; all which veſſels I therefore concluded to be arteries. 
Examining theſe arteries with great attention, I very diſtinctly per- 
ceived them to be formed of annular parts, like the veſſels in the 
lungs of animals, but theſe annular parts were ſo exceedingly mi- 
nute, that, viewed through microſcopes of very great magnitying 


powers, they appeared as slender as a fine hair of one's head ſeen 


by the naked eye. 
Though theſe Flies appeared very vigorous, yet a ſmall touch or 


preſſure would cauſe them to die; for happening to break one of 


the glaſſes in, which I kept them, whereby they eſcaped, and flew 
about my ſtudy, though in catching them 1 handled them as gently 
as I was able, they died in a few days; ſome loſing their wings, by 
which I had caught them, others the uſe of their legs, and laying 


on their backs motionleſs for ſeveral days; and I concluded their 
Kk3: 
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deaths to be occaſioned by this, that. in touching them, ſome of 
thoſe minute veſſels might be 3 and many. of. the eggs de- 
— death. At length, pi the ee of; Septem ow I had 
only two Flies left alive, one of which had loſt a w eing. Theſe 1 
judged to be a male and a female. 7 

On the ninth of September in the morning, I 1 one hn 
dred and forty-five eggs laid, as I judged, by one Fly: ſome of 
theſe eggs, with a piece of dried fleſh, I put into a glaſs and carried 
in my pocket, the weather being cold, to ſee in what ſpace of time 

maggots would be produced from thoſe eggs, and I found ſome of 
them hatched the yery ſame day. The next morning all the others 
were hatched, and I found that, in that one night 8 tine, ther 
had all grown twice the ſize of the eggs. 

I again put ſome more eggs into a glaſs, and carried them 1 in my 
pocket, and in five hours time. they were all hatched, and in ſeven 
hours more they were grown to twice their original ſize, ſo that I 
concluded for certain, that the maggots which had been brought to 
me on the piece of fleſh taken from the gentlewoman's leg, had been 
produced from eggs laid on it at the laſt drefling, by ſome Fly, and 

that when brought to me, they had been hatched but a few hours. 

I cauſed drawings to be made of the Maggot, the Grub, and theFly, 
I have here deſcribed, becauſe theſe Flies are the largeſt ſort found 
in our country. Plate XVIII. fig. 21, is the maggot when grown 
to its full ſize and five days old. Fig. 22, is the cryſalis, aurelia, 
or grub into which the maggot was transformed, and at one end of 
it appears the hole through which the Fly iſſued. Fig. 23, is the Fly: 
and unleſs I had been convinced by my own experience and inſpec- 
tion, it would have ſeemed incredible to me, that fo large a Fly 
could proceed from ſo ſmall a grub; but we muſt conſider, that the 
wings, and alſo the hairs with which the Fly is covered, are placed 
as cloſe as poſſible to its body, while in its aurelia or cryſalis ſtate ; 
but when it becomes a perfe& Fly, they ſeparate from the body, 
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ind riſe up at ſome diſtance from it, and conſequently appear larger 
than they are in reality. * | 

I know many people are of opinion that flies are produced from 
corruption, and they pretend to bring many inſtances in ſupport of 
that notion, which occurred to me lately in converſation with a cer- 
tain learned gentleman, who argued thus upon the ſubject : 

J have obſerved,” ſays he, © in a parcel of grubs or aurelias, 
« produced from ſome caterpillars of the ſame ſpecies, four butter- 
« flies produced, all of the ſame kind and ſhape, and from the fifth 
4 aurelia, which had an aperture like the others and was tranſpa- 
„ rent within, three common Flies iſſued. The cauſe af this ap- 
ce pearance I could not account for.” 

To this gentleman I made anſwer, that theſe reaſonings of his 
made no difficulty with me, becauſe I conceived the matter might 
be accounted for as follows : 

Flies, and almoſt all living creatures which are not able to nou- 
riſh their own young, have it implanted in them by Nature to lay 
their eggs in thoſe places where the young, when hatcaed, may 
find food. When, therefore, Flies of any description cannot find 
any fleſh, fiſh, or offal, they often lay their eggs in thoſe places where 
their inſtin& informs them their young will find ſubſiſtence, and this 
is in the grubs or aurelias of caterpillars; the maggots hatched from 
theſe eggs laid by the Fly can eaſily perforate the thin coat or caſe 
of the aurelia, and uſe for their nouriſhment that ſubſtance within 
it, which was deſtined to the formation of a winged creature of a 
different ſpecies, ſo that from ſuch: an aurelia a Fly inſtead of a but- 
terfly may be produced. With this argument of mine the gentle- 
man declared himſelf to be ſatisfied, - 

Now, I lay it down for a certain truth that it is Hh impoſlible 
for a Fly, or other living animal, to be produced from corruption, 
as for rocks to bring forth horſes or other beaſts. 


. Another reaſon may be aſſigned for this appearance, namely, the rapid growth of fly. 


ing inſects immediately after their coming forth from their aurelia ſtate. See the 'T ranflator's 
remark on this ſubject in a note, Vol. I. p. 28. 
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- "Many perſons cannot ſufficiently wonder at the immenſe quanti- 4 
ties of Flies with which the inhabitants of a beſieged town, of any 
note, are infeſted. | But we may eaſily: ſolve this difficulty, when we 
conſider that it is impoſſible for the commanding officers to cauſe all 
the bodies of the lain to be interred, and that from them, and from 
the entrails and offal of beaſts, left expoſed in the fields, the num- 
ber of Flies muſt increaſe beyond meaſure. For, let us ſuppoſe that 
144 Flies in the firſt month. in the beginning of the month of June, 
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72 of which ſuppoſed females. there ſhall be two Flies, a male and a * 
144 eggs laid by each female. - male, and the female ſhall lay one hun- 
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Mags dred and forty-four eggs, which eggs, in 
269 : the beginning of July, ſhall be changed 


2 | | Into Flies, one half males and the other 
L Flies in the ſecond month. half females, each of which females ſhall 


5184 of thefe ſemales. lay the like number of eggs; the number 
eggs laid by each female. of Flies will amount to ten thouſand: 
20736 f 5512-6 ay ſuppoſing the generation of them to 
4 joy proceed in like manner another month, 
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710400 File EL and month, their number will then be more than 
ſeven hundred thouſand, all produced 

from one couple of Flies in the ſpace of three months. 

Conſidering this we need not wonder at the great multitudes of 


Flies obſerved where the bodies of great numbers of men or ani- 
mals lie unburied. 


There is a Wonder eircumſtance, and well worthy of note, in 
regard to Flies, namely, that the maggot from which a Fly is pro- 
duced will come to its full ſize in the ſpace of five days: for, if a 
month or more was required for this purpoſe, as is the caſe with 
other maggots, it would be impoſſible for Flies to propagate their 

kind in the heat of ſummer, becauſe the Fly's maggot can ſcarcely 
ever have any food than what is found in the place where the egg 
was firſt laid. Now this food of theirs, namely, fiſh, fleſh, or offal, 
lying in the open air and expoſed to the ſcorching heat of the ſun, 
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wopld continue vi for a very few days to be fit * for the mag 
gots, therefore the All-wife Creator has implanted in thoſe mag- 
gots the property of acquiring their full growth in a very few days, 
when, on the contrary, other maggots which can have a continual 
ſupply of food, are months before they undergo any alteration. 

R$ have, at times, carried ſeveral of theſe maggots; about me in a 
glaſs, giving them every day a ſupply of fleſh, and ſhewed them to 
ſeveral curious perſons, that they might with me obſerve their won- 
derfully rapid growth ; I have, indeed, brought them to their full 
ſize in the ſpace of four days, ſo that I conceive in the heighth of 
ſummer the eggs laid by Flies may, in leſs than a month's time, be- 
come complete Flies, ſo as again to lay eggs. Laſtly, it is worthy | 
of obſervation that theſe maggots do not void much excrement, ſo 
that the greateſt part of the ſubſtances they conſume for food enters 
into the „ of their own bodies. 


AT the time I firſt turned my 3 on the nature of our com- 
mon ſtinging Nettles, I imagined that the great pain and ſwelling 
they occaſion aroſe from the ſharp points of the ſtings or prickles, 
which are thick ſet on their leaves and ſtalks, being broken oft and 
left within the ſkin: but happening, one day, while gathering aſpa- 
ragus in my garden, to be ſtung between my fingers by a very ſmall 
Nettle, it produced ſo uncommon a pain and ſwelling, that I exa- 
mined more narrowly the formation of Nettles by the microſcope, 
and I found that the ſtings or prickles are not only hollow, and con- 
tain within them a very tranſparent juice, but that, at the time 
when they are in their moſt vigorous growth, this Juice iſſues from 
the ſtings, and may be ſeen to ſettle on the points in the ſhape of a 
very ſmall drop or globule. 

Upon ſeeing this, I formed a different opinion on the ſubject, and 
T conceived that, though we may be pricked by the Nettle no 
deeper than the external cuticle or ſkin, and though the point of the 
ſting may not be left behind, yet we ſhall experience both pain and 
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ſwelling, if the liquid, which is at the extremity of the ſting 
by any means be expelled from thence, penetrates within the ſenſi- 
tive part of the ſkin, and there touches or wounds any of the veſ- 
ſels; whereupon ſome acute ſalt, which this liquor contains, prin- 
cipally produces the pain and ſwelling we experience ; and this 1 
rather take to be the caſe, becauſe, on examining Nettles which had 
paſſed their full growth, I found that the juice in many of the ſtings 
was dried up, whereas thoſe that were ſtill growing were not only 
quite full of juice, but ſome of it iſſued from their points as before 
mentioned. And I obſerved the points of thoſe which had come 
to their full growth, to be for the moſt part broken, which I attri- 
buted to the wind Nee the leaves, and ſtriking the ſtalks one . 
againſt another. | | 

T know many people ſay, that if we boldly graſp a Nettle it will 
not ſting, but the only reaſon is this, that if we ſeize a Nettle with 
the whole hand our fingers are cloſe together, ſo that the Nettle 
only touches the ſkin on the inſide of our hands and fingers, which 
is generally ſo thick and tough that the ſtings cannot pierce it, but 
are either blunted or broken, and therefore we feel no effect on the 
inſides of our fingers, much leſs the palms of our hands; but the 
parts between our fingers, where the ſkin is thin and ſoft, are thoſe 
hable to be injured. | 

In order to ſhew the formation of the ſtings of the Nettle, 1 
have cauſed drawings to be made of them from the microſcope. 

Plate XVIII. fig. 24, AB CD E, is the ſting of a Nettle, as it 
grows on the leaf or ſtalk, when in its moſt flouriſhing ſtate. At 
is to be ſeen a round drop or globule, being part of the juice with 
which the cavity of the ſting is filled. ABDE is a ſoft, green, 
flexible part, which has this appearance while on the plant, but; 
when ſeparated from it, in a little time more than half of it dries 
away. BCD is the ſting itſelf, which is very — When 
Med | WIERD Juice, — 
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Fig. 25, FGHIK, is the fling of a Nettle in its n at the 
end of which, H, no Juice is emitted. 
Fig. 26, LMNOFP, is the ſting of a Nettle come to its full 
growth, and in which the moiſture which it contained in its cavity 
is dried up, as is ſeen between MN ©; and as in this ſting we ſee 
ſeveral particles, which in the figure are marked 1, 2, and 3, I ima- 
gine that this evaporation of the juice from the king was not per- 
formed in one day, but at ſeveral times, one day more than another, 
according to the heat of the weather. Between 3 and N, this ſting 
appeared yery dark and of a greeniſh colour, which doubtleſs was 
the ſolid ſubſtance of the juice in the Ring there coagulated., 
Ng. 27, QRSTY, is No ſting of the Nettle cut tranſverſely to 
ſhew the cavity within, as appears at the letter S; * * is 
the green and ſoft part dried up thus far. 

Fig. 28, WXL Z. is a fling of the Nettle cut off nearer the 
point, v where the letter 1 nene the cavity. 
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Las HAVE older cb on the ate] of — of v della, 
ſuch as Shrimps, Lobſters, and Crabs, in this reſpect only, that 

they bear their multitudes of eggs on the outſide of their bodies, 

which, if we reflect, muſt neceſſarily be ſo; for otherwiſe it would 
be impoſſible for thoſe fiſh to produce ſo great a quantity of young 
as we find they do, becauſe their bodies being covered with an hard 
ſhell, cannot be diſtended; and would not allow ſpace for the 
* of their eggs, if they were always within their bodies. 

The eggs of our Sea Shrimps are not produced and brought to 
maturity at any one particular time of the year as is the caſe with 
moſt other fiſh; for I obſerve Shrimps to have eggs at all times of 
the year; I ſpeak here only of thoſe Shrimps which are caught. 
near this coaſt; for I am told that the Shrimps about Amſterdam, 
at ſome ſeaſons, are all loaded with eggs, and the remainder of the 
year are deſtitute of them. 

But what I obſerved beyond my expeRation, and which is well 
worthy, of note is this : that every Shrimp's egg, when come to 
maturity, contained in it nothing but a complete minute Shrimp, 

which not only I could ſee lying in the egg in a circular pofition, 
with the tail turned over its head” and laying on the back ; but, 
when taken out of the ſhell, I could ſee ſome of its ſcales, toge- 
ther with the tail and fins; alſo the head and eyes, and thoſe limbs 
Or Organs which iſſue from the head, and which lay as it were folded 
together near the feet. In ſhort, Shrimps are completely formed 
in the eggs before they are ſeparated from the parent. | 
Theſe eggs, for the reaſon I have mentioned, not being capable 
of expanſion within the body of the Shrimp, are carried about by 
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the parent, being fixed between thoſe organs or limbs, | which we 
call its feet, and there they are nouriſhed and brought to full ma- 
turity by a ſmall ſtring or ligament; being thus. protected by the 
parent until the Wan nin wks! to break. m the 
ſhell and ſeek food for itſelf. dicke 
In order to view! beser ben nge 1 took ſo 
veral out of the ſhells, | and having placed them before the micro- 
Toope, 1 ſent for the limner, whom I directed to make as accurate 
| ngs-of them as he could, without informing him what the ob- 
| jects were, and while he was employed in ſo doing, he often ſaid, 
I do not knew what 1 am r but it nn me to be A 
4 „Sbrimp. * | ws 
Plate XVIII. FRE 29, „AB D, is one of cheſe n Shrimps, 
taken out of the egg, which 1 extended as much as poſſihle from 
the rounding poſition in which it lay; but though I endeavoured to 


could not do it ſo completely, but that in one of them the tail ap- 

peared moſt plainly, in another the head, and in another the feet. 
In this figure, AB D denotes the head of the Shrimp, but wherein 

the feet and other prominent parts, which we ſee in full grown 

Shrimps with the naked eye, cannot be diſtinguiſhed, becauſe all 

thoſe parts are, as it were, cloſely folded together next the head, 

and are extended towards B. Fig. 30, EF GH IK, is another un- 

born Shrimp, which drawing I cauſed to be made only becauſe here, 

at the letter E, the fins ean be plainly ſeen, together with the bony 

parts deſtined to give ſtrength to the fins. EFG is a part of abe 
yolk of the egg yet remaining. 

Upon comparing the ſize of the eggs from which theſe young 5 
Shrimps were taken, with grains of common ſcowering ſand, I found 
them, for the moſt part, of the ſame ſize, though ſome were rather 
larger: and others ſmaller. 

Some years after this I hed my * on R in 
order to diſeover the circulation of the blood i in thoſe animals, and 
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take theſe Shrimps out of the eggs with the greateſt care, yet! 
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in doing this my eye was taken with thoſe two protuberant panty; 
which are placed in the fore part of -the-Shrimp's body, and which 
are commonly called its head. Theſe protuberances are the eyes of 
the Shrimp, which it has a power of moving 1 in n direction, ſo 
as to view all ſurrounding objects. 
Having taken out the tunica cornea or horny coat af theſe eyes, 
and well cleanſed the infides of them, I found that the tunica 
cornea in this creature was very foft and flexible, in compariſon with 
thoſe in the eyes of flies; and when placed before the microſcope, 
in order to view objects through them, I found that ſuch objects ap- 
peared with much leſs diſtinctneſs and brightneſs than when viewed 
through the optical organs of a fly. The reaſon of this difference 
J took to be, that in Shrimps, and many kinds of crabs, but more 
particularly 1 in Shrimps, they, being always immerſed in water, do 
not require to be hard or tough, and, therefore, when expoſed to 
the air and becoming dry, they contract; inſomuch that theſe eyes 
Which, in their natural ſtate and united to the animal's body, are of 

a ſpherical figure, when dry loſe that f pherical ſhape, and from 
being convex become concave, by contracting inwardly. 

- cauſed a drawing to be made of one of the eyes of the Shrimp,. 
the ſame ſize as it appears to the naked eye, and this may be ſeen 
at fig. 31, X. Fig. 32, AB CD, ſhews a great part of the Shrimp's 
eye, as ſeen by the limner through the microſcope, and here may be 

ſeen a number of optical organs in that ſingle particle or ſpot which 
we commonly call the eye. But, as in many flies each optical or- 
gan ſeems tae be ſurrounded with a kind of border of ſix ſides, here, 
in the Shrimp, each optical organ is contained in a kind of ſquare.. 

I.!n the figure, that which in every optical organ is repreſented by 
a ſmall circle, is to denote a cavity or ſinking, but which originally 
was of a perfect protuberant ſperical figure, until the optical organs 
in the Shrimp, upon drying, became contracted. 

Fig. 33, EFG HI, exhibits another large portion of the Shrimp! 8 
eye, placed in a direct line oppoſite to the ſpectator. Between the 
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letters E FG K appears a kind of muſcular part, void of optical or- 
gans, and this part I concluded was what ſerved to move the eye. 
Farther, I concluded for certain, that in like manner as every op- 
tical organ in the eye of a fly has its optic nerve, ſo in the eyes of 
Shrimps every optical organ muſt have its proper optic nerve. I 
therefore opened many of the eyes of Shrimps, and not only diſco- 
vered a great number of minute optic nerves, but alſo a great quan- 
tity of pellucid particles, every where mixed with thoſe optic nerves. 
Hereupon I began to conſider whether or no thoſe pellucid particles 
(which often appeared to me rather oblong: and ſomewhat crooked) 
might not each of them be the cryſtalline humour of one ſingle and 
individual optical organ, and that their being of the: oblong and 
crooked ſhape I have mentioned, might be occaſioned in the diſſec- 
tion of the tunica cornea, whereas thoſe particles were, in their na- 

tural ſtate, of a perfectly ſpherical ſhape, and filled the whole internal 

cavity of their reſpective optical organs. And, in this opinion I 

was confirmed when, upon more carefully attending to-the Shrimp's 
eye, I perceived the tunica cornea to have a whitiſh appearance, and 
the optic nerves, in the parts towards the infide of the head, to be 
of a dark appearance, and, when ſeparated. from each other, exhi- 
bited a violet colour. I alſo concluded, that if it were poſſible to 
take out the eye of a Shrimp, in ſuch a manner as to preſerve the 
| cryſtalline humours within the cavities of the tunica cornea: in their 
perfect ſhape, uninjured, I might place them before the fight, and 
that, doubtleſs, I ſhould ſee the objects through them as clearly and 
diſtinctly as when viewed through the eyes of flies. 

In the next place, I was defirous of knowing what was the food 
of the Shrimp, and I had obſerved that the part in theſe creatures, 
which: we call the head, and which when we: eat them we throw 
away, was not only the head, but, for the greateſt part, the belly of 
che Shrimp, whence I concluded that there its ſtomach might be. 


even, but made with indentings or notches; and, upon applying one 
_ tooth to the other, I found that the rifing parts in one tooth moſt ex- 
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The firſt wing I, examined was the mouth of the Surimp, abich 

l found on all ſides provided with various organs, and each of theſe 

again furniſhed with many weapons, the Whole of Which ſeemed 

contrived for the Purpoſe of le the e 8 prey, and con- 

veying it to the mouth. 1 


Upon opening the mbh I b that it had on Hawk Kees a Jovi: 
the fore part of this tooth, to be uſed in biting, was not ſmobth or 


actly fitted the cavites or notches in the other. Theſe teeth in the 
fore parts or edges were a little broader or thicker n wy a ee 


iſh colour, but the lower ends of them were White. 


I cauſed a drawing to be made of the Sbeimpis tooth, Wiel by 


the microſcope, and this is ſhewn at fig, 34, KLM NO, in which 


figure: the letters KLM denote that 6 at of the a neee 3 


in biting. 


Coming to the Romach, which I W out of the bodies of ſeveral 
Shrimps and laid open, I ſaw that ſome of the animals had fed on 
ſmall fiſhes, mixed with minute Shrimps bitten in pieces, and in 


one Shrimp I found ſome large fragments of another Shrimp which 


had been of a middling ſize, from whence it appeared plain to me, 


that a Shrimp en open its mouth en wider than 4 * n 


imagined. 
The ſto maths of other Shrimps were n many e I ſaw 


_ containing a great quantity of thin particles, which I deemed to be 


ſmall bones, which had been part of the fins of ſome {mall fiſhes, 
and alſo ſome of the Ons” of .other Shrimps * to een in 
the mouth. 

Theſe thin oblong particles 1 FO mentioned, alen . by 
the microſcope, exhibited the ſame appearance as the fragments or 
ſhavings of one's beard viewed with the naked eye, with this dif- 
ference only, that theſe particles terminated in a point at one end. 


| Lalſo ſaw a particle, one fide of which was armed with teeth notched 
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men and I alſo ſaw the ans or pincers of a young crab, 
which had been no larger than a grain of ſand. | b 
The ſtomachs of others were filled with cath of Gall „ | 
from the ſpine of minute fiſhes, appearing like the back bones and 
tails of haddocks. I likewiſe ſaw a ſmall bone of a ſhape and make 
different from any Thad ever before ſeen in fiſhes. _ - 

'T'alfo-ſaw'in' the ſtomachs of many Shrimps, but not in 0 
quantities in all, ſmall ſhells} in ſhape ſimilar to thoſe ſhells which 
are found in the greateſt quantities on our coaſts, nor did I find 
many fragments of ſuch ſhells; whence 1 concluded: that, about the 
beginning of September (for it was about that time theſe-obſerva- 
tions were entered upon) many of the ſmall ſhell-fiſh, newly pro- 
duced from the parent, had been caught by the Shrimps, and their 
ſhells broken by their teeth, in order to pick out the young fiſhes 
from the ſhells and uſe them for food: 8 

Many of theſe minute ſhells were no Wer than lage grains of 
ſand, and I was moreover well aſſured that all thoſe ſhells which I 
took out of the ſtomachs of the Shrimps had been but a few days 
brought forth by the parents, becauſe many of thoſe ſhells were 
quite tranſparent, others of them were in part about their outer 
edges rather obſcure, by reaſon, as I imagined, that they had had 
an addition in growth ſince the fiſhes were brought fortn. 

I cauſed a drawing to be made of one of theſe minute ſhells; but 
which was one of the largeſt of thoſe I had extracted; and, at fig. 
35, this ſhell is ſhewn of the ſame ſize as it appeared to the limner 
by the naked eye. Fig. 36. PRS, is the ſame ſhell ſeen through 
the microſcope: : the letters PGR T ſhew that part of it which ap- 
peared bright and tranſparent, ſo that all without the letters PRT 
which was not tranſparent, was added to the thell by growth, aſter” 
it was ſeparated from the parent. : 
In ſome of the Shrimps' ſtomachs I fone: ſore cxeredingr minute 

ſhells, which, on account of their round figure, I called ſnails, and 
which were not larger than a large grain of ſand; and to ſhew the 
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pretty ſhape of theſe ſhells, I thought it would not be amiſa to give 
a 28 of one of them: this is to be ſeen at fig: 37, ABC, as 
viewed through the microſcope. 95 
I next examined the inteſtines of the Shrimp, to ſve whather * 
could there diſcover any of thoſe ſmall bones or ſhells, but finding 
none, I began to conſider that, perhaps, when Shrimps have kept 
thoſe ſhells, or other hard ſubſtances, which cannot be digeſted or 
ground to pieces by the action of the ſtomach, ſo long as that all 
the nutrive particles which can paſs into the inteſtines are extraR- 
ed, whether they do not throw 85 the remainder, and void it at 
their mouths. | 


The. paflage out of the ſtomach Was . with certain organs, „ 

 kke teeth, for the purpoſe (as I think) of grinding the food a ſe- 
cond time, before tranſmitting it to the inteſtines. _ 

L have often reflected on the great number of eggs which Shrimps | 
are accustomed to carry, faſtened to thoſe limbs or organs placed on 

the lower parts of their bodies, and which are commonly called their 

feet; and eſpecially when I conſidered that thoſe eggs, which are 

by ſome means fixed on that part, did not ſeem to grow any larger, 


and that all thoſe which I ſaw were of the ſame ſize, from whence 


I could not ſatisfy myſelf in the belief that thoſe eggs had been 
formed in that place. _ 
Hereupon TI began to diſſect the belly of the fries. which 5 is in 
that part commonly thought to be its head, and then I ſaw that the 
eggs were chiefly placed there, and the remainder of them next the 
back, where the body of the Shrimp is thickeſt. 

The eggs which I took out of the bodies of Shrimps were not of 
equal ſize in all, but ſome larger than others: and beween thoſe 
eggs which had been put forth from the Shrimp's body, and were 

flxed to the lower part of the body, and the largeſt of thoſe which 
ſtill remained within the body, I could not diſcover any difference 
in“ oi int of ſize. : | 
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1 was to me a pleaſant ſpectacle to view the eggs, as they lay in in 
the bodies of the Shrimps, for every one of them had in the middle 
of it a ſmall round bright ſpot, in like manner as if we were to ſee 
with the naked eye, a tran ens 8 with a Rill more : tranſparent 
Jul in it. : 
- Having made theſe 6 1 3 for a pe hog that 
when the eggs within the Shrimp's body are come to their full ſize, 


that they are ſoon afterwards emitted out of the body, and, by the 


Shrimp itſelf, fixed to thoſe organs commonly called by us its feet, 
and that they are alſo placed as cloſe as poſſible to the animal's 
body, ſo as to be no impediment to thoſe organs in the performance 
of their uſual functions. But though each of theſe organs is fur- 
niſhed with a number of till ſmaller organs, yet all taken together 
would not be ſufficient to hold faſt and ſecure the great number of 
eggs with which they are loaded, nor could theſe eggs be ſecurely 
faſtened, unleſs each egg had a kind of ſtring or ligament, by means 
of which they are all faſtened ae, like a chain or firing © of 


beads. 
Fig. 38, DEF, Soreſents a very ſmall * of theſe eggs, 


which were dried and placed before the microſcope after W taken 
out of the body of the Shrimp. 

Fig. 39, GHIKL, repreſents the receptacle of the egg, of its 
natural ſize, taken out of the Shrimp : the letters G HK L indicate 
that part which was in what is called the Shrimp' s head, and HI K 

that part which lay in or next to the. ſolid part of the Shrimp's 8 
body. Now, when theſe eggs increaſe in ſize, then that part, 
marked G L, in part ſurrounds the ſtomach of the Shrimp, and, in 
proportion to the quantity of food in the ſtomach, it either extends 
farther or is repreſſed by the diſtention of the ſtomach. 

J have alſo obſerved that, when diſſected, ſome Shrimps whoſe 
eggs which were fixed on the outſide of their bodies had arrived at that 
maturity that, I judged, they would produce young minute Shrimps 
in a few days, within che body of the ſame Shrimp J could perceive 
Vo“. IL | n 
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a great number of eggs, which I thoupht were grown to that Bze, 
that within a few days they would be entitle from” the ws N 
placed on the outfide of the Shrimp: 


As we now fee that thofe Shang, ieh are ONE! in te PR near 
our coaſts, do faſten their eggs to the lower parts of their bodies until 


the young are able to iſſue forth and ſwim about (hence it is, that 
Shri nps newly hatched can, in ſtormy weather, retire d the deeper 
water, and avoid the agitation or ground fwells of the fea upon the 
ſhore); on the contrary, among thoſe Shrimps which are caught in 
the inland'fea, round about Amſterdam, few or none are found bear- 
ing their eggs about them in that manner: hereupon it ſeemed pro- 
bable to me, upon reflection, that perhaps theſe laſt mentioned 
Shrimps, when their eggs are grown to a fize to be excluded from 
their bodies, reſort to the creeks and ſhallows of that fea, where they 
can find a {uſſicient > pon of —_— and ruſhes to W they can 
falten their eggs. 

In the month of May I SHiissd the bodies of fxty-four Mheidaps, 

forty-nine of which had eggs fixed to the lower parts of their bodies, 
and the young ſhrimps in theſe eggs were ſome of them more per- 
fectly formed than others, and the darker the colour of the eggs the 
more full grown were the young within: of the remaining fifteen, 
1 found eggs within the bodies of twelve. 

I oftentimes repeated theſe my reſearches, and Aways with nearly 
the fame ſacceſs. And when I met with Shrimps which had no 
eggs faſtened to the outſides of their bodies, I began to confider 


— 


whether or no thoſe Shrimps might not have faftened their eggs to 


leaves, litter, or other ſubſtances at the bottom of the ſea. 

I afterwards examined many parts of the inteſtines of this crea- 
ture, which were formed ſo wonderfully, and with ſo much art, 
that to attempt a particular deſcription of them would be only lofing 
time and labour. Ina word, if we could place all thoſe organs be- 
fore the microſcope, make drawings of them, and could affign to 
each part its uſe, we might cry out, What depth of wiſdom is here! 


4A 28 ) 
what hidden wonders in © ente when, an animal ! and, How lit 
tle is it that we know! 

The mouth of the HSE is ; not; in my pink; egloglatad to 
catch - fiſhes, but only to pick up its food, but that defect is well 
ſupplied: by two organs placed on the fore part of the Shrimp's 
body, and Which may be compared to arms and hands; theſe are 

furniſhed with many Joints, and at the extremities have each of 

them two nails or claws, the larger of which is moveable, and the 
ſmaller fixed and immoveahle; by the help of theſe claws the 
Shrimp can, in my opinion, catch and hold faſt many minute fiſhes, - 


and alſo Ry them to Its nth, Were to he eu ſmaller 05 
the teeth. 


I have given a eee of theſe claws 4 as Gow: by the ay 
croſcope: g. 40, MNOPQRST, is one of them, which I may 
call the Shrimp's hand. The part denoted by the letters NO is 
the nail, which I think is immoveable, and only ſerves the Shrimp 
to pierce into the bodies of ſuch ſmall fiſhes as it catches. PQ is a 
ſharp bony part, which ſerves to hold the prey more firmly, and is 
covered with ſhort hairs, ſome of which extend beyond the edges of 
it. QRs is the larger dlaw, Which the Shrimp can. open and ſhut 
at pleaſure, and it is hollowed on the inſide, the more firmly to keep 
its hold. Fig. 41, VWXY, repreſents the ſame organ, which I 
call the Shrimp's hand, in ſuch a poſition that the larger claw is 
cloſed: VW repreſents the ſmaller claw, and VX the larger, 
which, when cloſed, reaches a little beyond the ſmaller, as may be 
ſeen at V. | 

I have ſonttivies INE theſe claws broken, and in a ſtate of de- 


cay at the points, cauſed, as 1 ſuppoſe, by their ſtruggling Ih. 
fiſhes too ſtrong for them. 


From the view of theſe claws in the Shrimp J was able to ſatisfy” 


myſelf as to the uſe of thoſe very ſtrong claws which we obſerve 
crabs to be provided with, and which, I think, are not intended 
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merely for catching their prey, but alſo for grinding « or e Ag it 
into ſmall pieces, before it is taken into the mouth. 
I have obſerved Shrimps to have eggs on their bodies during the - 

| Whole of the ſummer, but in the month of November no eggs were 
to be found on them. But when we confider, that all the time 
Shrimps carry eggs on the outſides of their bodies, other eggs are 

forming within them, who can pretend to ſay how _ times in 
a x year Shrimps bring forth young? 297815 10 elis | 
1 never was able to ſatisfy myſelf that 1 had found a Sumi 6. of 7 


the male ſex; and all the pains I could take in the ſearch more and 


more convinced me that there are no males among theſe creatures, 


herein reſembling thoſe ſmall flies which Fi we A and de- 
ſeribed in another place. ee 
Theſe things being conſidered, -mamely) that alt Shrimps jndide- 
teich do bring forth young, and that many times in the year, and 
every time in very great quantities: theſe conſiderations, I ſay, 
fully ſolve what was once with me a difficulty, in regard to the great 
quantities of Shrimps which are continually brought for ſale, inſo- 
much that many perſons in our large towns make a living by that 
traffic, beſides the . 8 who are rr e in _ the nn 
in the ea.” ol 


— — — — — — 
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— : 


| of the Salts contained in Pope: and in Tea, with the Hithor' s 
8 e thereon : : the Salts nos e deſcribed. 


1 HAVE aſton reflected on tha nature of 8 Ko” e e 


what might be the reaſons that the particles of Pepper excite ſuch 
a pungent ſenſation in the mouth, when the ſame, taken into the 


ſtomach or inteſtines, * not cauſe any irritation, ſo as to promote 


an evacuation. 
I at one time thinghit, on W at the indent or mealy part 
of Pepper, that the particles compoſing it might many of them be 


very ſharp pointed, and thereby produce that kind of pricking on 


the tongue, which many call heat or burning. But I afterwards 
rejected this opinion, becauſe, upon contemplating a great number 
of theſe particles, I ſaw they were all of different ſhapes. _ 

I made a drawing, from the microſcope, of five of theſe parti- 


tact many of which together conſtitute one grain of Pepper, and 


theſe are ſhewn in Plate XIX, at fig. 1, A. Many of theſe parti- 
cles are, indeed, very long and ſharp pointed, which I never ob- 


ſerved in any other ſeed I have examined, for the mealy particles in 


other ſeeds are more of a globular form. Beſides being of an ob- 
long ſhape, the particles of Pepper are flat on ſome of the ſides and 
irregular on others, but in ſuch manner that there are no cavities 
between the particles, for otherwiſe each grain of Fepper, when 
come to maturity, would not be a ſolid body. | 

But what is very remarkable, theſe ſmall particles of Pepper, 
when laid in water, do neither ſwell nor become ſoft, like the 


mealy ſubſtance of wheat, rye, peaſe, beans, and the like, but 


preſerve their ſhape (at leaſt as far as I have been able to obſerve): 
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Many of theſe onegclia of Pepper are tranſparent. like glas p and 
others of them may be ſeen to be compoſed of ſtill ſmaller particles. 
Having examined the parts of common Pepper, I took ſome of 


that which is called long Pepper, and becauſe I believe that many 
perſons are unacquainted with this Kind of Pepper, I have cauſed a 


drawing to be made of it, which is repreſented at fig. 2, BCD E, 
in which B C is the ſtalk, and C P E the fruit or Pepper itſelf. 
| Upon cutting open this long Pepper, 1 perceived it was nat a 
ſingle ſeed of Pepper, but what is called a pericarpium, that is, a 
caſe or ſhell containing many ſeeds, and in our dere appt 
above an hundred ſmall'grains of Pepper 
Several of theſe ſmall grains, each of which is ee in a 
particular {kin or covering cloſely adhering to it, I took out entire, 


and held them in my mouth, in order that by the moiſture the co- | 
verings or ſkins incloſing them might be ſoftened, and I might the 


eaſier diſcover the mealy ſubſtance of which theſe ſmall grains of 


Pepper are compoſed. In doing this I. found that the grains, though 


not broken, excited as ſtrong a ſenſation on my tongue as if they had 
been pounded Pepper, whence I concluded that the mealy ſubſtance 
of theſe grains, Which in ſize and ſhape agreed with our common 
Pepper, did not excite chat ſenſation by the acute particles in them, 
which I have ſaid are to be diſcovered by the microſcope, but rather 
by ſome ſaline particles ere on our 99 8 that —_— of 4 put 
ing which is called heat. 1 
J therefore took ſome of this wing Vappety which I 8 in alata: 
paper and pounded: it on an anvil; I then put it into a new glaſs 
veſſel, pouring rain water on it till it was covered to about the third 
part of an inch; after this water had ſtood about two hours poured 
it off, but it being evening I let the water ſtand all night; the next 
morning I ſaw, in the place where the water was moſt evaporated, 
an incredible number of ſaline particles, many of which were almoſt - 
twice as long as broad, but one fide always longer than the other, 


E np ). 
longer,” as 5 reproſented at Ig. 3, F. All theſe ſaline particles whe 


| exceedingly thin. There were many others formed in the ſame 
manner, but rather narrower, as at fig. 4, G: I alſo ſaw many ſa- 
line particles in which I could not diſcover any acute angles, as fig. 


5, H; but the greateſt number of particles, being more than all the 


reſt put together, were broad in the middle and drawing to points 
at the ends, as repreſented at fig. 6, I. Theſe laſt particles were 
of various ſizes, and ſome ſo minute as to be nn. 

able. e 

After the water had Hood & peels day and dght, 1 firw Toms 
faline particles collected together in an irregular form, ſo that they 
had two, three; or more points at the extremities, as appears at fig, 
7, K, which 1 concluded was cauſed by ſome of the on ad- 


hering together. 


e eee the delt wish we feel 


in our tongues from Pepper, is nothing but the ſalts or ſaline parti- 


cles paſſing from the Pepper to the tongue, and the ſharp points of 


which ſo prick the tongue as to excite the ſenſation we call heat, as 
before mentioned; but when theſe ſaline particles by degrees coa- 


gulate, as I have before obſerved, and get into the ſtomach and in- 


teſtines, they may, by ſuch coagulation, ſo alter their ſhape as to be 
prevented exerting ſach a ftimulating power as to cauſe evacuation, 
or at leaſt theſe particles may alter their figure ; to which we-may 
add that the juices in the throat, ſtomach, and bowels, may promote 
ſuch coagulation, or other diſpoſition of the pungent ſaline particles, 
as to prevent their irritating the ſtomach or * inteſtines, if they are 
not taken in too great a quantity. | 

To ſatisfy myſelf farther on this ſubject, I took a new glaſs and 
put into it ſome long Pepper, and, by applying fire to it, I drew off 
oil from it; the oil, or ſpirit, which was firſt driven off by the fire, 
I often examined, but ſaw nothing in it worthy of note; the oil that 
"came off laſt, being heavier, ſunk to the bottom, but m this I re- 
marked nothing particular. 
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24 afterwards mixed water with the oil; and by the fire I mixed the 
1 and water as much together as I Was able, but in this I could 
obſerve nothing except a few ſaline particles, like thoſe repreſented. 
at Hg. 6, I; but theſe I could not well diſtinguiſh on account of the 
dil, the water being evaporated. I alſo ſaw in the oil various par- 
ticles, which I thought were ſalts irregularly joined together 
Upon the caput mortuum, or ſubſtance left behind by the fire, 1 
pb ſome clean rain water, and let it ſtand for ſome hours, that 
the fixed ſalts it contained might be drawn off by the water; after. 
this T poured off the water as clear as I could and expoſed it to the 
air in my cloſet, the weather being calm and the ſun ſhining bright, 
but the water did not at firſt evaporate: but, after ſtanding two 
days and nights, I ſaw a great number of ſaline particles ſwimming 
in the water, like thoſe pictured at fig. 6, I. I alſo ſaw many ſmall 
flat particles of ſix ſides floating about, ſome of which were ſo ſmall 
that I could not diſtinguiſh the ſhapes of their ſides: without: great 
attention. I concluded that this liquor was, for the moſt part, com- 
poſed of fixed ſalt; therefore I expoſed it to ſome greater degree of 


heat, and then I ſaw, as I may ſay, the whole of it converted into 


irregular ſaline particles, which were as tranſparent as glaſs, and in 
ſuch numbers that they looked like a heap of ſand. 

Upon breathing my warm breath on this newly formed alt it 
again changed into a tranſparent fluid liquor. 

From theſe obſervations I neceſſt arily concluded that L was but 
little volatile ſalt in Pepper, becauſe J obſerved few pariicies of that 
ſort in it. 

After this I took common white Pepper, heme I think that "Mo 
is no other difference between white and black Pepper, than that 
the outward ſkin or ſhell, which is drr off the former, is left on 
the latter. 

This Pepper I alſo put into paper and IS it ako ſmall parts, 
and infuſed it in water. After the water had ſtood about two hours 
I poured it off as clear as I could, and in the evening placed it in my 


- 
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cloſet: the next morning I examined it, and with great pleaſure I ſaw 
in it all the ſame kinds of ſaline particles as I have pictured at F G 
HI, theſe I could diſcern moſt diſtinctly, and in great numbers, 
yet much fewer than thoſe I had before ſeen in the long Pepper, 
though the quantities of white and long Pepper, and of water, in 
which I had infuſed them both, were nearly equal. 

I alſo drew off the oil and ſpirit from white Pepper, but I 3 
* nothing in the oil except a few particles, which I thought to be 
falts, in the thinner oil or ſpirit I ſaw ſome faline particles, the 

ſame as repreſented at fig. 6, I. Theſe were ſo ſmall, and ſo hid 
by the dil, tat they could not be eee without great at- 
tention. 

Farther, I poured * rain water on the caput martuum, or ſolid 
ſubſtance left of this Pepper, and after it had ſtood for ſome hours, 
I poured it off; and when the greater part was evaporated, I ſaw 
ſome ſaline particles lying in it which had fix ſides like an equila- 
teral triangle, with the three angles or points a little cut off, as 8 
ſhewn at ig. 8, L. Others had fix equal ſides: there were alſo 
ſome exceeding thin quadrangular figures, as at fig. 9, M, and 
ſome parallelograms, as at fig. 10, N, which were wonderfully 
thin. Alſo many ſmall particles like thoſe pictured at fig. 6, I. 
ſome of which were blunt at one end, and ſharp pointed at the 
other. I ſaw alſo various particles, at the extremities of which I 
could not diſcover any point. All theſe ſaline particles were ſur- 
rounded with an exceeding thin tranſparent liquor, which upon the 
leaſt heat being applied, was changed into irregular ſaline particles, 
which cauſed all the before mentioned particles to alter their exact 
ſhape. But with the ſame eaſe as this liquor was converted into 
falts, it was again reſolved into a fluid wy by vecathing upon it 
twice, 


A gentleman of my acquaintance received from the Eaſt Indies, 
among other preſents, a ſmall jar filled with the ſalts extracted from 
Vol. II. Nn 
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Tea, which he conſidered as a preſent remedy againſt fevers. A 
parcel of this he gave to me, which having left for ſome hours on a 
ſheet of paper, I found it ſoft, as if it was going to melt away, 
therefore I put it into a new glaſs, and poured rain water upon it, in 
order to diſſolve it entirely. | 
I expoſed three different portions of this water to the air, that 
part of it might evaporate, and by this means ſome particles of ſalts 
became viſible, and after a few hours were expired, I ſaw a great 
number of particles ſwimming in the water, which were almoſt all of 
the ſame ſhape, namely, oblong, and terminating obliquely at the 
extremities, as at fig. 11, O. But theſe figures were not flat, but 
ſomewhat riſing in the middle in a ſort of ridge, and ſharp at the 
ends, and tranſparent like cryſtals. Others of theſe ſaline particles 
were not ſo perfe&, becauſe one half of them was ſomething 
broader than the other half, as is ſhewn at fig. 12, P. 
After this water had ſtood about two days, I ſaw the ſaline par- 
ticles in the place where the water was not entirely evaporated to 
be ſomewhat increaſed in fize, but retaining their former ſhape. - 

1 faw alſo in other parts of the liquor not evaporated, a number 
of ſmall roundiſh particles, in which I could not diſtinguiſh any ex- 
act ſhape, though I viewed them very narrowly and with a very 
deep magnifier, and beſides them an incredible number of wonder- 
fully minute particles, the ſhapes of which J was ſtill leſs able to 
diſtinguiſh : theſe laſt particles I concluded to be ſo minute, that a 
thouſand millions of them together would not equal a large grain 
of ſand. However, upon uſing my ſharpeſt and greateſt magnify- 

ing microſcopes, I faw the ſaline particles, which, as I have ſaid, 

appeared round to me, to be, for the moſt part, of fix ſides, and ſome 
few of them three. And among the minute particles that I ſaw 
in ſuch incredible numbers, I was able to diſtinguiſh many of 
them to be of the ſhape repreſented at fig. 3, F. Others were ſo 


ſmall, that I could not with certainty 1 any Particular In gure 
to them. 


\ 
After this liquor had ſtood more than two days expoſed to the air 
in my ſtudy, the weather being very warm; with a dry eaſt wind, 
and about half the moiſture remained, I concluded that 'it then 
moſtly conſiſted of ſalts, which were too ſoft to coagulate, I there- 
fore applied it to a moderate heat, and then I ſaw an incredible 
number of ſaline particles formed in it, many of which were of ſix, 
and others of four ſides. But whereas our common ſalt, diſſolved 
in water, when it again forms itſelf into ſalts, aſſumes an exact qua- 
_ drilateral figure, or if a little of an oblong ſhape of four ſides, yet 
each angle is always a right angle, or contains ninety degrees, as 
far as the eye can judge; on the contrary, thoſe ſaline particles I 
am now deſcribing, were not only compoſed of irregular angles 
and ſides, but their ſides did riſe up in a pyramidical form, like our 
common falt, ſo that they appeared to me like irregular quadrila- 
teral cubes. But I muſt needs ſay, that none of the ſaline parti- 
cles which I ever ſaw extracted from plants of any kind, appeared 
ſo regularly formed in their cryſtallization, or coagulation, as the 
{ſalts produced from the firſt _— of Tea, and which are hs 
| ſented at fig. 11, O, and fg. 12, 
Alfter this, I took a parcel of _ beſt Tea, which I ont into a 
new glaſs, and, by degrees, applied to it ſo ſtrong a fire that the 
glaſs was red hot, collecting, with all the care I could, the ſpirit, 
oil, and volatile ſalt, which proceeded from it. I then obſerved 
that the oil, as ſoon as it was cooled, was not only very thick, but 
could not be rendered liquid, ſave by heat. Upon examining this 
oil by the microſcope, I thought that its tenacity was occaſioned by 
the extraordinary great number of volatile falts it contained, and 
the number of theſe ſalts was ſo inconceivable that it is impoſſible 
to give a true idea of them, ſo as to conceive that ſuch a ſmall 
quantity of Tea could produce ſo many particles of volatile ſalt. 
All theſe ſaline particles were of the ſame ſhape, that is, very long 
and pointed at both ends; theſe are repreſented at Vg. 13, Q. 
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A After ward endeavoured, for my farther ſatisfaction, to diſcover, 
if poſſible, how many ſaline particles would be produced from a 
ſingle leaf of Tea, but having reckoned up only a part of the vo- 
latile ſalts contained in one leaf, I forbore any farther obſervations, 
becauſe the number I had already reckoned up was ſo great that I 
durſt not publiſh it, as J had purpoſed to do. And, indeed, many 
perſons could not believe that the leaf itſelf could be divided into ſo 
many parts, viſible by the microſcope, as I faw volatile ſaline par- 
ticles produced from one ſingle leaf. ̃ 

Moreover, I took the caput mortuum, cinder, or aſhes of Tea, 
on which I poured clear rain water, in order to extract the fixed 
ſalt it might contain. After this water had ſtood on it one, two, 
and ſome of it three days, I poured it off as clear as poflible, and ex- 
poſed it to the air to evaporate: I then obſerved in it many parti- 
cles of what I before mentioned to be volatile ſalt; theſe were not 
only covered, as it were, with a watery moiſture, but many of them 
I aw lying in the water, ſo that T was convinced they were particles 
of volatile falt, which had been ſo cloſely united to other ſalts, and 
to the caput mortuuum or aſhes, that the fire J had applied had not 
been ſufficient to expel all thoſe particles of volatile ſalt, 

As I concluded that'the watery moiſture which did not evaporate, 
and in which the before named ſaline particles lay, was nothing 
but a parcel of falts, though I could not diſtinguiſh their figures; I 
applied ſome heat to it, and I immediately perceived that, in fact, 
the moiſture was for the moſt part ſalt, for it concreted in irregular 
faline particles, and in ſuch numbers that the ſubſtance became white. 
But ſoon after it again changed into a fluid and tranſparent liquid, 
like water. But after I had ſuffered this liquid to ſtand a little 
longer, 1 perceived various ſaline particles of fix ſides formed in it, 
Which are repreſented at fig. 14, R. Among theſe, many were ſo 
ſmall that they almoſt eſcaped the ſight, even though aſſiſted by my 
very beſt microſcopes. I alſo ſaw ſome few exceeding minute ſaline 
particles, with figures of four ſides. | 
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After this I, at two ſeveral times, examined the water FER had 
ſtood a little longer on the caput mortuum, or aſhes, and then I faw 


a greater number of the particles with fix fides: I alſo ſaw a few 


particles like thoſe repreſented at fig. 11, O. 

Moreover, I put a parcel of 'Tea in cold clear rain water, and af- 
ter wards ſome Tea in hot water, in the ſame manner as it is com- 
monly made for drinking; this infuſion of Tea I ſuffered to evapo- 

Tate 1n part, and, in various obſervations upon it, I always found that 

there were formed in it many ſaline particles, coagulated or concreted 

together, as repreſented at fig. 13, G, and fig 15, S; theſe were of 
various ſizes, and many of them ſo minute as to be almoſt inviſible. 


Theſe ſaline particles could not at firſt be eaſily diſtinguiſhed, by : 


reaſon of the multitudes, of {ſmall particles which were floating in 
the fluids, in ſuch numbers that they made the water thick or 
muddy, ſo that it ſeemed to me impoflible that hot water could, in 


ſo ſhort a time, extract ſuch a number of ſaline particles from the 
Tea: and I formed an opinion that the many ſaline particles in Tea 


were of ſuch a nature and property as to coagulate, or rather con- 
denſe, the particles in water, which we call watery particles, and 
that moſt of thoſe wonderfully minute particles, which I have ſaid 
rendered the water turbid or muddy, did not derive their origin from 


the Tea, but from the water itſelf. Whence I concluded that all 


the virtue or effect of Tea, when taken into our bodies, conſiſts in 
this, that it occaſions a great coagulation or condenſation of the 
thick particles of the chyle in the ſtomach and inteſtines; whence 
the other particles or ſubſtance of the chyle, which paſſes to the 
nouriſhment of our bodies, being rendered very fluid, the blood may 


be in a ſhort time diluted or rendered thinner, by which diluting or 


thinning of the blood we are often relieved from pain in the head, 
and our whole body refreſhed. 


I might here add my ſentiments as to the ** Why drinking 


Tea is ſo very ſalubrious to many people, though the uſe of it does 
not agree with ſome few. But, as theſe my ſentiments might not 
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be pleaſihg to ſome, I have omitted them, and the rather becauſe 


I meet with men, whoſe whole aim is to find fault with What a N : 
| advance. 


* 


To theſe obſervations I will 400 Net I have is ul reſpe@ing | 
Spaniſh flies, or Cantharides. I have examined theſe Flies by the mi- 
croſcope, and found that their feet were covered with many won- 
derfully ſharp particles; but, as theſe are ſeen on common flies, I 
could not think that theſe particles could produce ſuch an irritation 
that when Cantharides are mixed with any ointment, and laid on 
the body in the ſhape of a plaſter, they raiſe a bliſter on the part. 

1 I put, therefore, ſome Cantharides into a clean paper, and, hav- 

ing pounded them, I poured clear rain water on them. Some of 
this water I expoſed to the air, that the ſaline particles in it might 
coagulate, and, after about half an hour had elapſed, I ſaw a very 
great number of ſaline particles, which were three times longer than 
broad, though I could not diſcover their exact ſhape. 

I then took a larger quantity of water, and let it ſtand a whole 
night, to ſee whether thereby the ſaline particles would concrete in 
larger figures. In this time almoſt all the water was evaporated, 
and the ſaline particles were ſo concreted together, that I could very 
diſtinctly diſcover the ſhapes of each of them. Theſe particles lay 
in ſuch numbers that they made the remainder of the liquid appear 
white; and it was a very pleaſant ſpectacle to me, to ſee ſo many 
particles lying together of an uniform ſhape. 

Many of theſe were ſquare at one extremity, making two right 
angles; and at the other end two oblique fides, making an acute 
angle, as repreſented at fig. 16, T: others of them were oblique 
at one end, and the other ſhaped like the preceding figure, as is 

ſhewn at fig. 17, V. Some few of theſe ſaline particles had the two 
ends oblique, as fig. 18, W, and a few others two ſides oblique, 
but one ſide rather longer than the other, as ig. 19, X. The longeſt 
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ſides of all theſe particles were parallel to each other, and the — 
ticles were very thick in proportion to their length. 
Moreover, by the help of fire I drew off the oil and ſpirit from 
Cantharides, but neither in the ſpirit nor the oil could I diſcover any 
ſaline particles. After this I mixed ſome clear rain water with the 
ſpirit and oil, and ſhaking them together, to promote the coagula- 
tion of the ſalts, I ſaw many ſaline particles, which at firſt appeared 
flat and thin, and rounded at the extremities, but the longeſt ſides 
of them turned or rolled themſelves — as is ſhewn at fig. 
20, T. | mr ' 
After this, 1 ſaw various ſaline particles floating in the ſame ſpi- 


rit and oil, of the ſame ſhape with the former but much ſmaller, at 


the ſame time I ſaw ſome ſaline particles of ſix ſides, but ſo minute 
that they almoſt eſcaped the ſight. I likewiſe perceived a very great 
quantity of particles, which I deemed to be ſalts, but by reaſon of 
their extreme minuteneſs I could not, with all my attention, aſſign 
any particular figures to them. 

The caput mortuum or cinder left of the Canthaxides, I alſo in- 
fuſed in clear rain water, in order to diſcover the fixed ſalts it might 
contain; and, after the water had ſtood on it about two days, I ſuf- 
tered part of it to evaporate, and then J diſcovered a great quantity 
of ſaline particles, the ſhapes of which I could not diſtinguiſh by 
reaſon of their minuteneſs. But when almoſt all the water was eva- 
Porated, I ſaw a few ſaline particles of a regular ſquare ſhape. and. 
exceeding thin, and among them a few whoſe ſides roſe up in the 
ſhape of a pyramid, like our common falt, and alſo ſome oblong 
figures of four ſides, ſome of them exceedingly thin; likewiſe ſome 
particles pointed at each end, as is ſhewn at fig. 21, Z, and ſome 
of theſe laſt ſeemed, as it were, divided or notched at the other ex- 
tremity, and with two points, as is repreſented at fig. 22, a. 

The little moiſture in which theſe very minute particles lay, eva- 
porated on the leaſt heat being applied, and then ſome oblong and 
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regular particles appeared coagulated. But when [ breathed upon 
them two or three times they again diflolved into a en 
liquor. | 


I have mentioned, as my opinion, that there is no Ufhronce be- 
tween white and black Pepper, except that the white is black Pep- 
per ſtripped of its ſkin. And, to prove this by experiment, I took 
half a pound, or eight ounces, of black Pepper, which, in about 
three quarters of an hour, I ſtripped of all the ſhells or huſks, and 
was thereby confirmed in my.opinion, for this Pepper might have been 
ſold for white Pepper. From whence it appeared to me that white 
Pepper is better than black, not only becauſe it is largeſt and ripeſt, 
but alfo becauſe there is little virtue in the huſks or ſhells of black 
Pepper, and alſo becauſe among the black there are found many 
parts which may be taken for grains of Pepper, when, in fact, they 
are only unripe grains, or only huſks of Pepper. When I had thus 
converted my black Pepper into white, I weighed it again, and 
found I had not ſo much as five ounces, ſo that out of eight ounces 
I had loſt more than three, though I muſt . I had not * ; 
very careful in the operation, 


4 


of the young Plant diſcernible in Seeds, and on the Bloſſoms, 


Fruit, and young Wood, in the Buds of Fruit Trees. 
AFTER examining the young plant in Wheat, I turned my at- 
tention to that in Rye, and after ſtripping off the external ſkin. or 
huſk from the ſeed, I took out the ver 4 nn and placed it be- 
fore the miſcroſcope. 

Plate XIX. fig. 23, AB CD, is the young plant in a grain of 
Rye, as ſeen by the microſcope, Aa BD, are the parts from which 
the roots and ſtems, or ſtraws, will proceed; C is the top of the firſt 
leaves in the young plant. Upon cutting this young plant tranſ- 
verſely at the end next A, I could only perceive the beginning of 
one ſtalk or ſtem cut acroſs ; but when I cut a little farther towards 
B or D, till I came to a, I perceived two ſtems, and ftill farther to 
BD, I ſaw the beginnings of three ſtalks or ſtems; and though I 
could not at firſt ſee more than the beginnings of three ſtems or 
ſtalks, yet I was very well convinced in my own mind, that every 
grain of Rye has in it the origin of four ſtalks or ſtems; for A a, 
are two principles or rudiments of the largeſt young ſtalks or ſtems, 
and B and D are two other principles or beginnings: at length, 


after diſſecting tranſverſely many grains of Rye, I perceived that I 


had cut through four ſeveral trunks, ſtems, or ſtalks at one cutting. 
All theſe young plants are placed in a kind of meal, which is not 
ſo white as the reſt of the ſubſtance of the Rye. 

1 have not given drawings of theſe young ſtems or ſtalks cut 
tranſverſely in the grains of Rye, partly, becauſe I could not place 
them before the limner's view ſo diſtinctly as in Wheat, and alſo 
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becanſe there was very little difference between thoſe in the Rye 
and in the Wheat, except that thoſe in Rye were much ſmaller. 

1 alſo examined the ſeeds of Barley, and took from thence the 
young plant with its leaves. But becauſe I perceived very little 
difference between them and thoſe in the grains of Wheat and Rye, 
I did not think it neceſſary to give drawings of them. 

But what is worthy of remark in Barley is, that in every grain 
there are to be ſeen the rudiments or beginnings of ſive diſtinct 
plants, therefore I have cauſed a drawing to be made of them, as 
they appear at one cutting of the ſeed tranſverſely. J 
Fig. 24, ABCDEFG, is a ſmall piece of a grain of Barley cut 
tranſverſely near the end of the ſeed, where the origin of the young 
plant is formed, in which may very plainly be ſeen, a tranſverſe 
ſection of five ſeveral particles of an oval ſhape, in each of 
which, the veſſels compoſing them may be diſtinguiſhed. - The 
reaſon why theſe young beginnings of plants appear oval and not 


perfectly round, I take to ariſe from the evaporation of the moiſ- 


ture, as well in the plants, as in the mealy ſubſtance ſurrounding 
them; for we muſt conſider, that the external part of the ſeed in 
drying will contract itſelf, and that when it is afterwards moiſtened 
with water, it will, in a ſhort time, again extend itſelf, and then 
the plants, inſtead of an oval, will aſſume a round figure. 

Theſe young plants are placed in a very ſmall quantity of mealy 
ſubſtance of a darker colour, and not compoſed of ſuch tranſparent 
globules as the reſt of the meal of which the Barley confiſts. This 
dark meal is placed between GABCDE, and between E FG is 
the mealy part, which for the moſt part compoſes the ſubſtance of 
the Barley ; and though this dark mealy ſubſtance may here ſeem 
to be in great abundance, yet it muſt be obſerved, that this does 
not extend farther in the Barley, riſing no higher, (in a ſloping 5 
rection), than where the young plants extend. 

I afterwards examined Oats, and found that each ſeed contained 
in it the beginning, or firſt rudiments, of young plants, and the be- 


: 


ginnings of leaves; and that the Young * were e in num- 
ber in this ſeed. 

Now as we ſee, that the principle of vegetation, « or young nh 
in every one of the before mentioned ſeeds, is capable of producing 
two, three, four, or five ſhoots or ſtems, according to the fertility 
of the earth in which they are ſown, we are not to wonder, that 

from ſingle grains of Wheat, Rye, Barley, or Oats, ſuch nu mbers 
of ſhoots or ſtraws are produced, as we obſerve. . | 

Amon g many other ſeeds which I examined, I obſerved a re- 
markable variation in the ſeed of Buck-wheat, and in my endea- 
vours to diſſect this ſeed, I was obliged firſt to take off the hard 
ſhell, and then ſteep the ſeed in water for ſeveral. hours; for the 
leaves of the young plant were ſo intimately connected with the 
mealy ſubſtance of the ſeed, that, until they had been thoroughly 
wetted, it was impoſlible to ſeparate them. When I had taken out 
the young plant, I found the leaves ſo twiſted one among another, 
that it was not without. great difficulty, I could ſpread them apart 
by ſmall pins, ſo as to be diſtinctly ſeen, for theſe leaves were ex- 
tremely weak and tender to handle. 

HFaving placed theſe leaves before the microſcope, I diſcovered i in 
them a vaſt number of veſſels, (which, in a full grown leaf, we 
ſhould call fibres or ribs, though in fact they are nothing but veſ- 
ſels), ap pearing like what we fee by the naked eye in vine leaves. 
But whereas, in the leaves of the young plants of Wheat, Rye, 

Barley, and Oats, the veſſels run lengthwiſe along the ſtem, in like 
manner as the veſſels do in thoſe leaves when full grown ; on the 
contrary, the veſſels in the leaves of the young plant in Buck- 
wheat are ſpread all over the leaves, in like manner as may be 
feen in the leaf of that plant when come to its full growth. I 
ſhould have given a drawing of this young plant, as ſeen by the 
microſcope, were it not that it would have taken up too much room 
on the paper; for, (contrary to other young plants that occupy 

but a ſmall part of the ſeed) theſe young plants ſpread all over the 
O 02 


( 202 ) 


ſeed, and the leaves are extended as far as the outer ſhell or huſk 

of the Buck-wheat. I have, however, given a drawing of the 

plant ſo far magnified, as to ſhew it diſtinctly; and likewiſe a ſmall 

{lice of the ſeed cut tranſverſely, in order to ſhew in what manner 

the young plant is placed i in this ſeed. + 
Fig. 25, HK LM, is the young plant taken out of the ſeed of 

Buck- wheat, and ſeparated from the mealy ſubſtance in which it lay, 

and in which, as much as poſſible, the ſeveral twiſts or folds are laid 

open, and the whole (as I ſaid before) magnified juſt 1 to 
ſhew the leaves and the future plant diſtinctlix. 

HKI, is a large and very thin leaf, within which lies anther 
leaf much ſmaller and thinner, which it is very difficult to diſtin- 
guiſh. This ſmall leaf, I ſeparated a little from the larger one, 

and let it dry in that poſition, that the limner might the better diſ- 
tinguiſh it; this is ſhewn at letter K, and the part from which the 

root and ſtem will proceed is noted by the letter M. 

Another of theſe ſeeds I ſeparated from the hard hell and mem- 
brane incloſing it, and cut it -tranſverſely near the point where 
the root of the young plant is fituated : this I placed before the mi- 
croſcope, and cauſed a drawing to be made of it to ſhew in what a 
wonderful manner this young plant lies 1 the mealy ſubſtance : 
of the ſeed. : 

Fig. 26, N O PQ, ſhews the circumference of this piece o or flice of 
Bu ck-wheat, cut tranſverſely, as above mentioned, in which NO P 
is the lower part of the leaf as far as it lies contiguous to the huſk, 
and is that part of the leaf, which in the n figure | is. ſhewn 
at Lor H. | 

From P, the leaf runs inwards into the meal, and embraces or 
defends the halt of that part from which the root or ſtem will how 
ceed, as is denoted by the letters P V T. | 

The other ſide of the leaf begins adjoining: the inſide of the huſk, 
at P, lying cloſe to it, half way round the ſeed, as far as PQN; ſo 
that in this part of the ſeed there is no meal next the huſk, but 
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only the leaf, though: this is not the caſe Ae e the Whole of 
the ſeed ; for if we cut it acroſs the middle, we ſhall there find 
much meal next the huſk. From N the leaf proceeds inwards, as 
the letters NDS indicate; ſo that the two lower parts of the leaf 
repreſented in fig. 25, at Land H, embrace or defend the whole 
of the future ſtem, the external part of which ſtem is ſhewn in ig. 
26, at the letters E and F. In this part of the ſtem are plainly to 
be ſeen a great number of veſſels, and likewiſe in the leaves them- 
ſelves may be ſeen many veſſels, which here n cut man 
and ſome of them longitudinally. Ln 

The places marked by the letters IA V and D 0 8, are thoſe in 
which the meal is contained, and which it was impoſſible to repre- 
fent on the paper, therefore thoſe. ſpaces are left vacant. This. 
mealy ſubſtance conſiſts of globules larger than thoſe in the meal of 
Wheat, Rye, or Barley; and theſe again compoſed of ſmaller par- 
ticles or globules, ſo that theſe laſt are leſs than the globules 1 in the 


before mentioned ſeeds. 


But what appeared to me worthy 0 note, in in cegard to this hs 
fubſtance was, that the large globules I have mentioned, were not 
of a perfect ſpherical form, but every one of a peculiar ſhape ; one 
of ſix, another of eight or more ſides. In ſhort, I can not any 
otherwife deſcribe their figure than by ſuppoſing a great quantity 
of globules of wax, or any other ſoft flexible ſubſtance, thrown pro- 
miſcuouſly into a tub or box, and that, ſinking together by their 
own weight or ſoftneſs, and thereby almoſt all the air which had 
been between them, while they were of a ſpherical form, being 
excluded, they loſt their ſhape, and became compacted or ſqueezed 
together. And theſe irregular figures they mult retain, until, being 
diluted in a ſufficient quantity of ſome fluid, they may have room: 
to expand and reſume their firſt globular figure. 
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I have examined * many other ſeeds, and among the reſt, a fall 
ſeed called Manna, which 1s uſed to be boiled in milk, and which 
I remember in my childhood to have often eaten, it being 
eſteemed a very wholeſome diet. Concerning this ſeed, there is a 
yulgar report that it .does not grow, but falls from the clouds in 
Poland at a certain ſeaſon of the year, and that it is gathered in 
_cloths before ſunriſe, while the dew is on the ground. This notion 
I never gave any credit to, and having procured fome of this 
Manna, I faw upon the bare inſpection of it, that we are much 
deceived reſpecting it, for I could diſcern in every grain, the place 
where the young plants had laid. But the true ſtate of the caſe is, 

that before this Manna is brought to us, it is ground in mills, in 
order to ſtrip. off the external huſk, as is practifed with Rice, by 
which means, the ſeeds are broken in pieces, and the young plants 
they contain, for the moſt part, deſtroyed. - I diſcovered, however, 
many entire ſeeds, in them the young future plant; from 
whence the futility of the above idle tale is apparent. But it may 
be true, that it is the practice to reap and gather in this ſeed early 
in the morning, by reaſon that otherwiſe the heat of the ſun might 
cauſe the pods en. the ſeeds: to burſt — and ſhed the 
ſeed. 

Being once on a journey in Gelderland, where much Tobacco 
is planted, I defired to have ſome of the ſeeds of that e pur- 
chaſed for me, having never ſeen any. 

This is a very ſmall ſeed, being no bigger than a dug grain of 
fand. Upon placing one of them before the microſcope, -I ſaw that 
its outer covering or ſhell, was more curiouſly formed than any 
ſeed I had ever viewed with my naked eye; and indeed it affords 
ſo pleaſing a ſpectacle, beyond any other feed, that, had we ſuch 
an object viſible - by the naked eye, we ſhould not heſitate to 


* The author has given ſpecimens of ſeveral other ſmaller ſeeds, but as they are all re- 


ducible to one or other of the deſcriptions before given, they are omitted in this tranſlation, 
to avoid prolixity. - 


i 295 ) 


give it a place in-a cabinet of curioſities; and, when ns of its 
outer coat or ſhell, and of an inner covering or membrane, the 
beauty of it is ſtill more conſpicuous. To give a view of this pretty 
object, I cauſed a drawing to be made of it from the microſcope, 
and this is to be ſeen at fig. 27, PQR. 

J alſo cauſed a drawing to be made of the young plant taken out 
of the ſeed, as it appeared when viewed by the microſcope : this 1s 
ſhewn at fig. 28, STVW, wherein TV W is the part which 
would grow up into a plant, and WS T, the root. I had another 

of theſe young plants placed before a microſcope, of which I have 
| alſo given a drawing at fig. 20, XYZA; and here again we may 
fee how this ſmall production of Nature exceeds, in beauty, many 
of her larger works. 
Having for ſome time contemplated this ſeed; I took my little 
braſs box, Which I filled with wet ſcowering ſand, and placed 
therein a few of the ſeeds: the box I carried ® in my pocket in the 
day time, and at night placed it in bed beſide me, that it might al- 
ways be warm, and thereby the vegetation of the ſeed be expedited, 
as I had done before with other ſeeds; for I was defirous of ſeeing 
whether the young plants pictured at fig. 28 and 29, would agree 
in ſhape with the plant when in vegetation. 

Theſe ſeeds I examined every day; the firſt and ſecond day I 
ſaw no other alteration, than that they were ſomewhat ſwelled : the 
third day, I ſaw that the ſhell was burſt open, and at the lower 
part of the opening the plant had ſprouted about two hair's breadth 
from the ſhell. On the fourth day, I ſaw with great ſurpriſe, that 
the young plant was grown ſix times as large as the original ſeed, 
but, as I could not then conveniently get a drawing made of it, I 
deferred it till the following day, when-the young plant was be- 
come twice as long, as it was the day before. Fig. 30, HIKL, 


* Mr. Leeuwenhoek means the pocket of his Sock, (Anglicè breeches), Which is made 
large, and being next the body always warm. 


( 206 ) 


repreſents the two leaves which are ſhewn in 1 fig. 56; at et W, 
and in fig. 29, at YZA. 10 

And now I was not only convinced that, in aiſeAing the ſeed, I 
had formed a true judgment as to the different parts of it, but 
here I plainly ſaw the multitudes of veſſels of which the leaves in 
great part were compoſed ; and of which in the two former ſub- 
jects, pictured at fig. 28 and 29, I had only ſeen, as it were, the 
ſhadow. I could moreover diſtinctly ſee a great number of valves 
or joints in each veſſel or tube, as well in the leaves, as in the ſtalk 
and root, Rs: to what we ſee in the formation of larger 
plants. 

While I was preparing this obe ect for 1 the limner to make a 
drawing of the root, as ſhewn in fig. 30, at MON, I ſaw ſo many 
of the grains of ſand adhering to it, that I was obliged to uſe ſeveral 
expedients to clear them away; and in doing this, many of the 
| ſmall branchings from the root were broken, by reaſon that they 
had twined moſt cloſely round the grains of ſand in a manner won- 
derful to behold ; and if all the ramifications which I ſaw, had 
been repreſented in the figure, the number of radicles branching 
from the larger root, M O N, would have been twice as many as 
here ſhewn : and what is more, in many of theſe ſmall radicles, 
might be ſeen their exquiſitely minute veſſels. 

The larger root, fig. 30, M ON, in a very little time became fo 
dried, that in order to make a true drawing of it, and to repreſent 
its veſſels properly, I found it neceflary to place five or ſix diffe- 
rent plants before the microſcope one after another. 

Now ſince we ſee that in ſo few days time, this ſmall ſeed will 
grow to a perfect plant, and moreover conſider, that the ſame per- 
fection in its parts which we obſerve in the plant, is contained in 
the ſeed, though hidden from our eyes, we are not to wonder that 
in a bird's egg, duly impregnated, a young bird ſhall in a fort- 


night's ſpace or leſs, be completely formed, equal in ſize to the egg 
itſelf. | 
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In like manner as in ſeeds, ſo in the buds of trees the future 
produce may be diſtinguiſhed ; for I have, in the middle of winter, 
cut off a twig from one of my beſt bearing fruit trees, and on 
opening ſome of the buds, and viewing them by the microſcope, I 
could diſcover the bloſſoms, though wonderfully minute. At the 
ſame time alſo, I cut a twig from a currant tree, and opened the 
buds, wherein I ſaw, not only the ſmall currants, which were in- 
cloſed. in a double covering, and lay in as compact and perfect 
figure as ſmall bunches of grapes, but I alſo ſaw the germ or firſt 
ſhoot of the future young wood of the tree, which was already 
formed and prepared to iſſue from that part where the bunches of 
currants ariſe in the bud. Fig. 31, BCD, are two bunches of 
theſe currants ſeen through the microſcope, and E FG, is the germ 
or ſhoot of the young wood. 

Now, if we do not content ourſelves "th merely examining 
the formation of different ſeeds, but weigh and conſider, in our 
minds, the wonderful and incomprehenſible perfection in the ope- 
rations of Nature, or, more properly ſpeaking, .of the all-wiſe Cre- 
ator, who in many ſeeds has created the future plant, with a mealy 
ſubſtance for its ſupport. and nouriſhment, and in others has pro- 

vided for the growth of the young plant, without any ſuch ſupport. 

When I ſay, we duly weigh and conſider all theſe things, we may 
| conclude and be affured, that all the trees and plants now growing 
on the ſurface of the earth, have been produced in regular ſucceſ- 
ſion from trees and plants of the ſame ſpecies which were created 
at the Beginning of the World. 


On the Formation of Ruſhes, and on the Structure of the Nerves. 


In purſuing my obſervations on the nature of the veſſels or tubes 

of wood in trees, I turned my thoughts to the obſervation of Bul- 
ruſhes. Theſe grow in great quantities in the ſhallow parts of 
our larger ftreams and rivers, and the ſeats or bottoms of our chairs 
are generally made of them ; and, as they have many cavities into 
which water will not eaſily penetrate, they are uſed in time of war for 
the making of bridges to paſs troops over ſmall ſtreams or canals. 

Plate XIX. fig. 32, AB CD, repreſents a piece of Bulruſh, 
which I cut at A, in an oblique direction, that the large cavities 
with which the inſide of it is for the moſt part EIS, and n 
are viſible to the naked eye, may be ſeen. 

"Theſe large veſſels or cavities in Ruſhes, are furniſhed with 
valves through' their whole extent, without which the Ruſhes would 
be very brittle, and their ſides eafily compreſſed together; and like- 
wiſe, were it not for theſe valves, if only one end of the Ruſh was 
laid in water, the whole would ſoon be filled; but the water is by 
theſe valves prevented entering the cavities otherwiſe than very 
flowly, and the Ruſhes, by reaſon of the many cavities they con- 
tain, can bear, when floating on the water, a'great weight in pro- 
portion to their fize. 

I was alſo deſirous to ew this cavity in the Ruſh when cut 
lengthwiſe, in order to place before the eye the valves as they are 
placed in each of thoſe cavities. Fig. 33, EFG HI K, repreſents 
a ſingle veſſel, with its valves forming one of the cavities of the Ruſh, 


which I ſhall preſently ſhew, as it appears through the microſcope, 
together with the nature of its formation, 
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1 alſo placed- before the microſcope two- ſides af: one of theſe 
tubes or veſſels in the Ruſh, five of which generally form the ca- 
vity of the tube, in order, if poſſible, to diſcover the nature of their 
formation. This at firſt appeared to me to be ſomething ſimilar to the 
- baſket work, or hurdles, with which our country people fence their 
fields againſt cattle, and which in other countries are placed on the 
outſides of houſes, and afterwards daubed over with clay. Pig. 34, 
LMNa, repreſents one fide of this tube in the Ruſh, drawn from 
the microſcope as nearly as the limner could copy it. QN OP, re- 
preſents another fide of the tube. 
Wbat appeared to me particularly worthy of note in this object 

was, that the before mentioned ſides of the tubes were not com- 
poſed merely of the veſſels running along thoſe ſides, and of 
which they ſeemed to be compoſed, in like manner as I had hi- 
therto conceived, that all the tubes of wood received their growth, 
or conſiſted of their own proper veſſels; but the contrary here ap- 
peared to me, for T ſaw that each tube in the Ruſh aroſe from, or 
was compoſed of, various peculiar ſmall tubes, | 

In fig. 34, QN repreſents a ſmall tube in the ſide of the Sat 
in the Ruſh, to which I may not improperly give the name of a 
ruſhy blood-veſſel, and from which the fide LMN Q. in part pro- 
ceeds, and from which alſo the fide QNOP, is compoſed or pro- 
duced. This veffel, which I ſo call a blood-veſſel, and allo all the 
veſſels of which the ſides of the large veſſels in the Ruſh are com- 
poſed, do again conſiſt of many oblong parts, or rather of wonder- 
fully minute veſſels, from which veſſels a great number of ſmall 
veſſels ariſe, and of theſe, the ſides of the large tubes in the Ruſh 
are compoſed. 

Theſe minute veſſels, which I call blocd-wefſcle. and are, as I _ 
ſaid, compoſed of ftill ſmaller veſſels, give riſe to a great number of 
horizontal veſſels, which take their courſe in as regular and exact 
order among the other veſſels, as we may ſee in the joints of the 
bamboo or reed from Japan. 


P p 2 


''( 860 } 

In order to exhibit more clearly to view, the formation of this 
aſcending veſſel, which I call a blood-veſſel, and from whence the 
ſides of the large cavities in the Ruſh proceed, I took one of 
the ſmalleſt of thoſe veſſels, the fides of which I tore aſunder as 
exactly as I could, and placed them before the microſcope, that I 
might cauſe as accurate a drawing as poſſible to be made of them. 

Fig. 35, RV, repreſents one of-theſe ſmall veſſels, conſiſting of 
many ſtill ſmaller ones, out of which ſmall veſſels ariſe a great num- 
ber of horizontal veſſels, and of theſe laſt veſſels, as I have ſaid, the 
tubes of Ruſhes are compoſed, and theſe veſſels as broken off from 
| thoſe tubes of the Ruſh are pictured at S T and W. 

This blood-veſſel (as I call it), RV, from which ſuch a wonder- 
ful production and ſo many veſſels ariſe is ſo thin, that _ meaſured 
by the naked eye, I muſt wacky * it is not a twenty-fifth _ 
the thickneſs of a hair. | 

But what ſeemed to me till more W Was, that I thought 
I ſaw from the aſcending blood-veſlels repreſented in fig. 34, at Q N, 
or fig. 35, at RV, and from the horizontal veſſels which aroſe 
from thoſe blood-veſlels, a matter or ſubſtance protruded, which im- 
mediately extended itſelf in length, and appeared to form a mem- 
brane. But when I examined this nearer, I ſaw that the ſide of 
the Ruſh's tube, QLMN, was not a ſimple membrane, but that 
each ſeparate part forming that ſide was manifeſtly hollow, and 
that the cavity was ſurrounded on all fides with a wonderfully thin 
membrane. This cavity is ſhewn in fig. 35, about and before S. 
Upon diſcovering this, I placed the ſides ſo broken off from the 
tube of the Ruſh, before a deeper magnifier, and directed the en- 
graver to make a drawing of two of the parts, in which he could 
moſt plainly diſtinguiſh the cavities; and theſe are ſhewn in hg. 34, 
between X and Y. 

No if we ſuppoſe that all theſe cavities, and * af thoſe 
whereof the ſide of one of the tubes in a Ruſh conſiſts, cannot be 
formed but of an incredible number of ſmall veſſels, in like manner 
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as we ſee the ſmalleſt membranes to be in the bodies of animals, We 
muſt again exclaim, what inconceivable minuteneſs is here! 

Moreover, I cut a Ruſh tranſverſely, 1 in as thin a ſlice as J was able, 
that I might the better conceive the formation of what I have cal- 
led the aſcending blood-veſſels, and bring them into view. 

Fig. 36, ABCDEFGHIKLMNOP, repreſents a ſmall piece 
of Ruſh cut tranſverſely. In EFK LS, is ſhewn, as nearly as the 
engraver could repreſent it, one of the before mentioned valves 
or diviſions which are ſhewn in fig. 33, at EFGHIK, and, as I 
have before ſaid, oppoſe the entrance of water and give ſtrength to 
the Ruſh. This formation conſiſts of an incredible number of veſ- 

ſels and mebranes, each veſſel being in a contrary poſition from that 

adjoining to it. This valve or diviſion has five diſtin& ſides, as at 
SE, EF, FK, KL, and LS, and thus (as I have before ad) al- 
moſt all the tubes in the Ruſh are formed. 

Now let us ſuppoſe one ſide of the tube in the Ruſh, which in 
tg. 34, is deſcribed at L M N Q, to be the ſame as the fide which 
is repreſented cut acroſs, in fig. 36 at LM; and moreover, that 
in fig. 34, NO P d, is another ſide of the ſame tube, ſhewn in 
fig. 36, at MN, and alſo, that what I have called a blood-veſlel, 
and repreſented in ig. 34, at N, is the ſame with jig. 36, where 
an oval hole 1s ſhewn between M and O, and that this veſſel is cut 

_ acroſs. | 

Having made theſe obſervations, and moreover, ſeeing that in 
various cavities of the large tubes of the Ruſh, there were formed 
many membranes, eſpecially when the Ruſh began to be ſo thin, as 
is ſhewn in the partition of two of the tubes in. fig. 36, between 
DESR and DRQC. I concluded that the ſides of the large 

tubes in the Ruſh were formed of the ſmall aſcending tubes, which 
T call blood-veſſels, as follows: 

From the aſcending veſſels placed between BP Q, the ſides of the 
veſſels PO, QR, BC, BA, and PT, are in part formed; and 
alſo from the aſcending veſſel placed in R, in part is formed the 
ide of the tube, R . 
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"ow when the nutritious matter is protruded from the veſſel 
placed in Q towards R, in order to form the fide of the tube QR, 
it meets the nutritive ſubſtance protruded from R towards Q, to 
make alſo the fide R, and when this matter or ſubſtance, ſo pro- 
truded for the formation of two diſtinct veſſels, and one fide of a 
tube, is formed in great abundance; it is ſo compreſſed on all fides, 
that! in the cavities of the tubes, it grows into irregular membranes, 
as is here ſhewn in fig. 36, between C RQ. | | 
And this is alſo the caſe with the ſuperfluous matter protruded 
from the aſcending blood-veſſels (as I call them), in D, R, S, E, for 
the formation of the ſides of the tubes DR; RS, and SE, where 
alſo, from the compreſſed matter, the membrane placed n 
DES R is formed. 

This formation, namely, each fide of the large tubes, being 
formed of two diſtinct aſcending veſſels, is neceflary, for otherwiſe, 
the large tubes in Ruſhes would not adhere firmly. But as the 
ſides of the large tubes are made ſo compact, that little or no aper- 
ture can be diſcovered in them, fo, on the contrary, the mem- 
| branes, which, as I have ſaid before, are accidentally formed in the 
_ cavities of the tubes, are very irregular, and have in them many 
apertures, and alſo broken parts; ſome of which have a cavity in 
them, and their irregular formation ſeems to me, to proceed from 
ſuch extra nouriſhment not being ſufficient to form entire mem- 
branes. | 

But what ſeemed moſt worthy of note in theſe membranes Was, 
that their external edge ſeemed a little thicker, and that, in ſo thin, 
a ſubſtance as were theſe membranes, various ſtreaks could be diſ- 
tinguiſhed, which I conſidered to be veſſels. And indeed, I am 
perſuaded, that however thin and tranſparent the membranes 


might be, they were no otherwiſe formed than of Yon Joined 
together, 
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1 have often, with great pleaſure, obſerved the texture of the 
Nerves, which are compoſed of very minute veſſels of an incredible 
thinneſs, and which, running along by the ſides of each other, con- 
ſtitute a Nerve; the cavity of each of theſe ſmall veſſels is about two 
thirds its diameter; and in order to examine them I directed the 
ſpinal marrow of three cows and one ſheep to be brought to my 
houſe, that I might extract from thence the Nerves. 

J conſider it as a misfortune, that I have not been able to exhibit | 
the cavities in theſe Nerves to others, but no ſooner do I bring them 
before my sight, than in a very ſhort time, even leſs than the ſpace. 
of a minute, they ſo contract by evaporation, that the wonderful 
object vaniſhes and cannot be reſtored. And I not only ſaw the 
ſize or circumference of theſe veſſels, (ſome. hundreds of which go 
to the compoſition of a nerve no larger than a hair of a man's 
beard), but ſome of their cavities I could as plainly diſtinguiſh, as if 
we were to pierce many holes in a paper with a ſmall needle, and 
hold them up againſt the fun. And although theſe cavities, or the 
orifices of theſe veſſels are ſo wonderfully minute, I have ſeen liy- 
ing creatures in the waters, which could have moved and ſwam 
about in them with freedom. In ſhort, the minuteneſs of ſome 
things on this earth is ſuch as ſeems to exceed all belief. 

I cut ſome of theſe nerves into {mall ſlices, or round pieces, each 
little or nothing larger than the hair of a man's. beard, and wetting 
them, I placed them on a glaſs to dry; when dried and viewed by 
the microſcope, I ſaw in them many ſmall knobs or riſings, which 
I concluded to ariſe from hence, that the many ſmall veſſels of 
which a ſingle nerve is compoſed,” became contracted upon the 
evaporation of the moiſture they contai band thence aroſe in protu- 


berances. 
It often ** to me, that when I n, one of theſe 


ſmall ſlices of a nerve after it had been dried, and looked% t it 
through the microſcope, that I ſaw ſome ſmall particles in great 


numbers, ſwimming about in the water: theſe particles I judged, 
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proceeded from out of the veſſels, for the Enife with which I cut the 
pieces off was as ſharp as a razor. 

I am ſenſible, that what I. relate here will not be credited by 
ſome perſons, who are perſuaded that what I advance cannot be 
proved by experiments or obſervations : but theſe ſort of objections 
weigh little with me. I am indeed, by the vulgar, treated as a 
conjurer, and that I publiſh deſcriptions of objects which do not 
exiſt in nature, but we will leave theſe men to talk 1 in their on 
Way. 

I was lately exhorted by a reſpectable vitlecia to go on with 
my inquiries, notwithſtanding my * advanced age; foraſmuch as, 
(he ſaid) thoſe fruits which ripen in autumn, are by nature the moſt 
durable. I have, theretore, ſet down the obſervations I have, 
with no little pains, made in my decline of life. And, indeed, it 
is no ſmall trouble to purſue the inquiry into ſuch minute diviſions; 
and it 1s scarcely to be conceived how the imalleft nerves can be 
divided into ſo many branches, 

Now, though I cannot give a drawing of a nerve cut tranſverſely, 
to ſhew the figure it preſented to my eye, I will give a figure of one 
viewed ſideways. Pig. 37, ABCDEFG, repreſents a very ſmall 
portion of a nerve, viewed in this poſition ; the part ſhewn at 0 F 
is s only a branch proceeding from the larger nerve. 

In this piece of a nerve I could not only diſtinguiſhthe fibres of 

which it was compoſed, and which perform the office of veſſels, but 
I alfo ſaw certain'cavities in each of thoſe veſſels, and the particles 
or contents within thoſe component veſſels ſeemed alſo viſible to me, 
Having ſeveral times cut tranſverſely, as accurately as I could, ſome 
of theſe minute Nerves, and moiſtened them with water, I ſucceed- 
ed in exhibiting to the limner not only the ſmall veſſels compoſing 
the Nerve, but in every filament or veſſel, of which I have ſaid the 
Nerve is compoſed, we both of us ſaw an oblong ſtroke or line, 
which, in fact, was no other than the cavity or orifice of the veſſel 


* The Author was at this time eighty-five years of age. 
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compreſſed or collapſed, as we find is the caſe with blood-veſlels, 
when the fleſh that incloſes them becomes dry. 

Fig. 38, BCDEF, repreſents this ſmall Nerve, the multitudes 
of veſſels compoſing which are cut tranſverſely, and in which the 
lines or ſtrokes denote the cavities or orifices of thoſe veſſels. This 
Nerve 1s ſurrounded, in part, by five other Nerves, repreſented in 
the figure by G GG GG, but in theſe I have only repreſented their 
external coats or membranes, omitting the veſſels they contain within 
them. At four places in the ſame figure, namely, at BNC, CH 
ID, EK LF, and AFM, are repreſented particles of fat, with 
which particles I have ſometimes ſeen a ſmall Nerve wholly ſur- 
rounded : but in lean animals I apprehend the Nerves are only ſepa- 
rated from each other by their membranes ; whence it follows that 
the juices deſtined to form themſelves into fat, when diſtributed 
through the body, will inſinuate themſelves between the Nerves; 
and, in ſome part of this ſame collection of Nerves, of but a few 
hairs' breadth, I ſaw ſeven ſmall Nerves, and no fat between them. 

After this, I purſued my diſſection of the ſpinal marrow, until I 
could diſcoyer the parts extended lengthways in it; a ſmall portion 
of which ſpinal marrow, as far as art can imitate Nature, I have 
cauſed to be repreſented in fig. 39, MNOP. I alfo made ſeveral 
tranſverſe ſections of this ſpinal marrow, and at length, with great 
pleaſure, I ſaw its component parts to be placed exactly in the man- 
ner repreſented in g. 38, except that they appeared rather larger 
to my eye than here appears. Moreover, in many places I could ſee 
the light of the ſun through the orifices of the veſſels which I had 
cut acroſs, and I pointed out the ſame to the limner ; but as the ob- 
ject, in all other reſpects, perfectly agreed with fig. 38, I did not 
think it neceſſary to make a freſh drawing. 

Wbile II was ſeparating the ſtrong outer coat which incloſes the 
ſpinal marrow, from the marrow itſelf, I ſaw many minute Nerves, 
and, in different places, take a courſe out of the ſpinal marrow ; 

ſome of theſe were ſo minute, that what I had at 2 taken for a 


Vor. II. Qq 


a3 | 
- ſingle ſmall Nerve I found to be five at leaſt, and each of thoſe five 
as minute as that repreſented at fig. 37, GAF. But I wondered to 
ſee that theſe ſmall Neryes, as ſoon as they iſſued from the ſpinal 
marrow, were inſerted into the membrane that ſurrounded it, and 
became in a manner united to it, But when they-again quitted the 
membrane, they ſeemed larger, and to be covered with a new mem- 
brane or coat. But in this place I found the Nerves, which I had 
cut off near their origin, ſo covered with fat, and ſurrounded with 
ſuch ſtrong membranes, that I could not ſeparate them to my mind. 
Theſe obſervations I afterwards repeated in other objects, for the 
moſt part with the like ſucceſs, and in ſome of them I ſaw the ca- 
vities or orifices of the ſmall veflels, compoſing the Nerves, ſtill more 
diſtinctly; and, upon ſhewing the ſame to a learned friend who 
called upon me, he declared that he could diſtinctly ſee the ſame. 
W.hoever wiſhes to make ſimilar obſervations, muſt be careful in 
cutting acroſs ſuch minute veſſels, ſo to hold his knife and to make 
the inciſion, that it may not be in the leaſt oblique. The knife alſo 
muſt be very ſharp, and the edge of it as thin as poſſible, otherwiſe 


the cavities of the veſſels will, in the cutting, be compreſſed and 
cloſed up. 


7 * 
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* The Author's experiments and obſervations reſpe@ing the quantity 


of Air contained in Water and other Fluids. 


I HAVE ſeen an engine in form of a pump, deſigned to extract or 


pump out the air from water, but the operation itſelf I never ſaw. 
Since that time, I turned my thoughts to the making ſome ſmall 


inſtruments for this purpoſe, and from which I hoped to derive 
more ſucceſs, than from the pump I had ſeen i in the hands of other 


| perſons. 


For this 1 1 wa ſome very round ſmooth glaſs tubes, 
and of an equal breadth or bore throughout; that extremity, how- 


ever, which ſeemed (if any) wideſt of the two, I prepared for the | 


introduction of a piſton or ſucker. 
Plate XX. fig. 1, AB CED, repreſents one of theſe glaſs tubes 


drawn upon a reduced ſcale, for the part marked A B, was upwards 


of fourteen inches long, and B C, twelve; the cavity or bore was, 
throughout, nearly the ſeventh part of an inch in diameter. The 
cavity in the ſmall glaſs tube, which by. the flame of a candle I had 
joined to the larger tube, was one ſixth part the fize of that larger 


one, conſequently, the contents of the larger glaſs tube would be 
thirty-ſix times the tube CE D: this laſt tube, CE D, was two 


55 inches and two thirds of an inch long. 


I then took a braſs wire, as /ig. 2, G HI K, at one end of which, 
with a file, I made three notches, to which end, I faſtened a ſmall 


piece of leather, binding it on with fine filk, which filk was very 


* This Eſſay, and the next follewing, though not pertaining to microſcopical ſubjects, are 
inſerted to ſhew the Author's diligence in his inquiries, and the accuracy of his obſervations 
in other branokes of Natural Philoſophy. 
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firmly twiſted i in the middle at I: the other end of the wire I ham- 
mered flat, and faſtened it to a ſmall wooden ball. 

Having thus prepared the tube, I filled it with fair rain water, 
and inſerted into it the braſs wire by the end H I K, having firſt well 
tallowed the leather bound round this end, and I preſſed it ſo forcibly | 
into the tube, that no particles of water could paſs by it: indeed, 
ſo violent was the preſſure, that in this INTRON: I broke four of 
my glaſs tubes. 

I mis glaſs tube being thus filled with Water, that no air could be 
ſeen at M, I preſſed the inſtrument LM, which I will call the piſton, 
ſlowly into the tube, until the lower part of it, ON, at the extre- 
mity N, came near to the oblique or curved part of the glaſs. In 
5 doing this, the water iſſued out of the aperture in the ſmall tube D, 
in a, ſtream like a fountain, until there was no water in the tube, 
but from DE C B to N. 

I then held the ſmall glaſs tube from E to D, to the flame of 
a candle, until the heat drove out the water from E to D, which 
being done, I applied the aperture D to the flame, 1 the 
glaſs melted, and cloſed the orifice. 

Having thus managed the glaſs tube, that there was no air (as far 
as, appeared) between NBCED, unleſs from E to D, being one 

_ ſixth part of an inch, I poured a little water into the aperture A, 

letting it run down and ſettle upon the piſton at O, to the intent, 
that if there ſhould chance to be any aperture or unevenneſs in the 
cavity of the glaſs, water and not air might paſs by the inſtrument 
NO, when uſed as a ſucker. 

After this, I gradually drew up the dans or ſucker out of the 
tube, and, while I was doing it, I ſaw, that not only the tube from 
E to C, immediately became empty of water, and was filled with 
air, but the water in the larger tube was depreſſed from C towards 
B, for the ſpace of three inches; and, during this operation, many 

bubbles of air aroſe out of the water, and bubbled to the ſur- 
fa:2, and ftill the more when I ſhook, or with a tap. ſtruck 
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the glaſs. At length, I ſaw no more bubbles of air than what aroſe 
from the bottom of the water. But what appeared to me in theſe 
obſervations to be moſt worthy of note is, that the bubbles ariſing 
from the bottom, were at firſt ſo ſmall, as to be ſcarcely viſible to 
the naked eye, and. by reaſon of their ſmallneſs, they aſcended very 
flowly ; but as they roſe higher, they gradually became larger, and 
aſcended to the ſurface with greater velocity. 

[ then again thruſt in the piſton with as much force as I thought 
the glaſs would bear, and in doing this, I ſaw that the whole ſpace 
of air from DEC, and three inches farther from C to B, was ſo 
compreſſed, that the ſubtile particles of air which probably had 
found their way into the glaſs, while I withdrew the piſton, had 
not only again eſcaped out of the glaſs ; but that alſo the ſubtile par- 
ticles of air mixed with the before mentioned common air from E 
to D, and alſo the thin particles of air from the bubbles which aroſe 
out of the water, had, by this violent preſſure, been ſo forced and 
driven out of the glaſs, that there was no more ſpace of air than 
about the ſize of two grains of ſand to be ſeen in D. 725 

After this, I again very ſlowly drew out the piſton, and then 
again ſo many ſubtile particles of air got into the glaſs, that they 
filled the whole of the ſmaller tube and a ſpace in the larger tube, 
the extent of three inches from C towards B. Again 1 drew the 
piſton very ſlowly out of the glaſs, leſt by the too ſudden irruption 
of air, the glaſs ſhould be broken. For it had happened to me three 
| ſeveral times, that by wing out the piſton too N the glaſs 
tubes broke at Cor D. 

The pains I took to make theſe experiments, was for no other end 
than to diſcover, if poſſible, What was the quantity of air extracted 
from the water: this quantity, though to tlie eye it ſeemed conſider- 
able, yet in fact could be but little; for each of the air bubbles 


ariſing out of the water is much increaſed by being mixed with the 


particles of common air. Having taken the piſton out of the glaſs, I 
ſaw the water in the tube ſettle itſelf at P; ſo that ſuppoſing all the 


( e 1 


before mentioned air to be in its natural ſtate, that which came out 
of the water could not occupy a larger ſpace than from P to F. Now 
the diameter or bore of the ſmall tube DE C, being only one ſixth 
part that of the larger tube B C, the bore of the larger tube 1s 
thirty-ſix times the ſize of the ſmaller one, as before has been men- 
tioned. | 

The water in the larger tube from B to C, ſtood at the height of 
twelve inches, but I will only ſuppoſe it eleven inches, and, reck- 
oning from this, I compute that all the air bubbles diſperſed. 
through large collections of water, and extracted from it, do not 
amount to one two hundred and fiftieth part of the bulk of the wa- 
ter. And upon another computation made by me, I found that 
the bubbles of air extracted from the water did not amount to one 
two hundred and eightieth part of the water. 1 

After this, I took boiled water and treated it in the ſame manner 
I have deſcribed as to rain water, but after thrice repeating my 
experiments, I could not pump out or extract any air from it; 
though, indeed, I once ſaw a ſingle bubble ariſe, but this, I rather 
concluded to have found its way through ſome inequality in the 
glaſs, or from ſome water not boiled, which by, accident was in the 
tube before the boiled water was put in. 

But becauſe many people may think that, in my experiments, I 
could apply very little force in glaſs tubes, in proportion to what 
may be done by others with larger tubes, pumps, or ſyringes, I 
think it right to n how much force I could apply in my 
tube. 

We will then take the diameter of the alton; or bore of the tube. 
to be the ſeventh part of an inch, and ſuppoſing that with this piſ- 
ton, I could apply a force equal to ten pounds weight, the conclu- 
ſion is, that in a pump or ſyringe of an inch bore, a proportionable 
power muſt be applied, Which we ſhall find muſt be equal to four 
hundred and ninety pounds, becauſe the piſton of this pump or 
ſyringe is forty-nine times larger than the other; and if the bore 
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of the larger ſyringe was two inches, the force applied muſt be 
equal to a weight of nineteen hundred and ſixty pounds, following 
the ſame rule of proportion. This proves the great power I can ap- 
ply with my ſmall inſtrument, which I have made uſe of for many 
years. And thoſe perſons who are any wiſe ſkilled in the rules of 
geometry and ſtaticks, will eafily ſee the truth of what I advance. 

In further proſecution of my inquiries on this ſubject, I ordered 
the blood of a calf to be brought to me in a clean earthen pot: after 
it had ſtood ſeventeen hours, and the thin liquor which is called the 
ſerum of the blood, ſtood at the top, I put ſome of that ſerum into 
a glaſs tube, concluding that if any air was to be found in the blood, 
it would be in this part called the ſerum, becauſe the globules which 
give the blood its red colour, are heavier than the ſerum, and, 

_ conſequently, muſt contain a leſs portion of air. 

This ſerum | treated in the ſame manner as I had done the water, 
and I faw, that in drawing out the piſton, a great quantity of air 
bubbles aroſe from the ſerum; theſe were ten times larger than 
thoſe I had ſeen iſſue from the water, and adhered to the glaſs like 
froth. At length, having quite extracted the piſton from the tube, 
which was done very gently, for fear of breaking the glaſs, I ſaw 
that all the air bubbles, except a few, diſappeared. This ſerous 
matter being thus without any preſſure, I ſaw that the ſpace occu- 
pied by the air which had iflued from it, ſtood in the tube at the 
height of one inch, and I computed that it was one three hun- 
dred and ninety-ſixth part of the ſaid ſerum. 

I repeated this experiment on the ſerum, which I took as care- 
fully as I could, ſrom the blood of a calf after it had ſtood only two 
hours out of the animal, and I found that the bubbles proceeding 
from it, were not ſo many by far, as thoſe in the preceding expe- 

riment, but of a larger ſize. The ſpace of air in the glaſs when 
the piſton was almoſt wholly withdrawn, was from C to B, 
four inches and two thirds of an inch. The piſton being very 
ſlowly taken out of the glaſs, I ſaw all the air bubbles vaniſh, and 
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the large ſpace of air w hich i in the large tube occupied four inches 
and two thirds, had ſo eſcaped out of the glaſs, that in the ſmall 
tube, from C towards E, there only remained of it the ſixth part of 
an inch. So that, according to my computation, the air in this 
blood only occupied the one two thouſand three hundred and ſe- 
venty- ſixth Part of the bulk of the blood from which it was ex- 


tracted. 


I then went to a e s, at the lakes I knew 8 was about to 
| kill a calf, in order to extract the air from the blood while it was 
yet warm; and for this purpoſe, I took with me my inſtruments, 
and alſo a glaſs veſſel two inches diameter, and eight inches deep, 
in order to catch the blood as it ifſued from the veſſels of the ani- 
mal: which having done, I put ſome of it, as ſoon as poſſible, into 
my glaſs pump, and treated it in the ſame manner; as before de- 
ſcribed, and I immediately ſaw ſeveral air bubbles ariſe, which 
when they came to the ſurface, became very large. I alſo ſaw the 
blood fink in the glaſs tube from C towards B, ſo that the tube was 
filled with air to the height of five inches. Before I began my ex- 
periment, I had accurately obſerved what ſpace of air was in the 
| ſmall tube when I had cloſed its orifice at D, by the means of fire. 
Upon drawing out the piſton as ſlowly as poflible, I ſaw all the ſub- 
tile air, which as I before mentioned, had filled the glaſs tube 
five inches from C towards B, had either eſcaped out of the glaſs 
or returned into the blood ; for I could not perceive any the leaſt 
increaſe of air in the ſmall glaſs tube from C to D. I then opened 
the glaſs tube at D, and poured out all the blood as carefully as J 
could, and then put into it a freſh portion of blood, and repeated 
my former method of drawing out the air; and then I ſaw that the 
glaſs tube from C towards B, being about five inches, was filled 
with air, and that ſome air bubbles aroſe out of the blood, Which 
were very, large. After I had very gently drawn out the piſton, 1 
ſaw that the air in the ſmall. tube was increaſed by the addition of 
two air bubbles covered with ſome blood, neither of which bubbles 
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ende the ſize of a common. grain of ſand. But whothei this 
ſmall quantity of air came out of the blood, or Was air in the water 
with which, I had waſhed out the tube, before I put * 
tion of blood into it, I cannot determine. 8 
I then gave directions that the glaſs veſſel in which. the blood 


had been taken, ſhould be brought to my houſe, and after it bad 
ſtood an hour, and the blood was yet warm, I poured ſome of 


that which was towards the ſurface and was now grown a little 
thinner, into the glaſs tube, and having ſtopped the orifice at D. 
[ again repeated my operation of pumping, and I found that the 
air produced by drawing out the piſton, occupied a ſpace in the 
tube from C towards B, of almoſt four inches, and, from the moſt 
exact obſervation I could make, I found that the air in the ſmall 
tube was augmented only about wer part of the quantity of 
blood. I then left the glaſs tube with the piſton extracted, aud 
the orifice at D ſtopped, for ſix hours, at the end of which time, I 
faw that the laſt W un of air was amin hd. more 
than half. 

After the blood had e eight init after taken from the 

animal, and there was a quantity of ſerum collected on the ſurface, 
I employed myſelf to extract the air from it. But becauſe there 
were eight or ten air bubbles in the ſmall tube among the blood, 
I could not make ſo exact a computation as before, but from the 
inſpection of my naked eye, I thought that dene was, e a 
greater quantity of air ifſued from the blood. 

When this blood had ſtood in the glaſs > heurs,: I wol 
ſome of the ſerum off it, which I put into the glaſs tube and drew 
off the ſubtile air, which appeared in many minute air bubbles 
riſing out of the blood, and I found the tube from C towards B, 
filled with air to the height of three inches and three quarters, and 
drawing out the piſton as carefully as I could, I n the air * 
duced was i part of the blood. 
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After the blood had remained forty- four hours in the glaſs, I 
repeated the experiment of pumping, but I found ſuch a ſmall ad- 
ditional quantity of air won m * it avg learoe Techn $1 of ves 
ing noted. = | 

Aſter twelve hours more had elapſed; 1 again e off air from 
the blood, * Ry m no Ck nor. Fer increaſe 1 in band air 
N not : 

After the blood had ſtood chown . [fs and: as many ni no in 
a ſtudy, I took ſome of the ſerum from the ſurface, and put it into 
a new tube, wherein no liquor had ever been put: the length of 
this tube was . e from B to C, and eleyen inches youn 
wa n | Fe i | 2 ner 

This I treated in the ase manner as before, nnd — that 
the air bubbles ariſing from the blood, and the external air which 
found its way into the glaſs, occupied a ſpace of five inches and 
three quarters from C towards B. During my operation, I at- 
tended carefully to the air bubbles as they aroſe, and which grew 
larger as they aſcended, as I have before obſerved; and I ſaw ſome 
of! them which were larger than others, riſe to the ſurface faſter, 
and ſome of thoſe larger ones aſcended with five or ſix times the 
velocity of the ſmaller ones. Some of theſe larger bubbles fre- 
quently drove the ſmaller on one ſide, to make way for themſelves 
in their aſcent; but I never perceived any of theſe air bubbles unite 
together, - which I believe was only cauſed by the ae pe or r tena- pn, 
city of the ſerum in which they were formed. Asp 
Hereupon I figured to myſelf the reaſon wn a ler air bubble 
nn. reached the ſurface of the liquor than a ſmaller one. For, if 
the axis of a ſmall bubble is as one, and that of a large one is as 
three, the proportion of a column, which the power of aſcent in 
the ſmaller bubble will overcome, is to the larger one as one to 
nine, and the bulk of the bubble whoſe axis is one compared with 
that whoſe axis is three, will be as one to twenty-ſeven, and con- 
ſequently according to this proportion, the larger bubble will ex- 
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ceed the ſmaller in the velocity of its aſcent towards the ſurface. 
And as this is the caſe with air bubbles in their aſcent; the ſanie 
will hold good in falling bodies of equal denſity, as in balls of Gar 
ferent ſizes,” diſcharged with equal force from cannon. 

But to return to the ſubject, I drew out the piſton very ſlowly, and | 
having obſerved the whole with the greateſt attention I was able, I 
found that the air produced in the ſmall tube from C towards D, 
buy the operation, amounted to a ſeven hundred 1 tw entiech 
part of the bulk of the bloode. 5-0 | 

I' know it may be ſaid, that my asthod of ait theſe experi- 
ments was not ſufficiently accurate, to which I can _— 1 
that I conducted them in the beſt manner I could deviſe. fry, 

I made many other obſervations which I did not note char, be- 
cauſe I think I have tufficiently proved, that while the blood is in 
the veins, or while it remains warm after taken out, there is no 
other air in it, than that thin and ſubtile fluid which — 4 

only our bodies, but the ſubſtance of all ſolid bodies. 
Now if it be ſo, that the blood contains no other air than this 
ſubtile fluid or medium which can pervade all bodies, and that tbe 
quantity of common air found in blood after it has ſtood ſome 
hours, is ſo ſmall as not to deſerve notice, we ſhall reject the doc- 
trine of many medical and chirurgical perfons, who, when they are 
not able to aſſign the true cauſe of a diſeaſe, ſay, that the blood is in 
agitation, or in a ſtate of fermentation, and the like. But I think 
we may more aſſuredly than ever, lay it down as a maxim, that 
every motion in the blood depends on the heart alone, and that we 
ought rather to ſay, the blood is too much condenſed, and cannot 
| eaſily be driven through the ſmall r wherefore Its circulation 

is not duly performed. 

But when the blood is ſo much thickened that it cannot 90 
3 many of the ſmall veſſels, and thereby its courſe is ob- 
ſtructed, and ſtill is driven from the heart with its uſual force, I 
think that by this means it may be made to burſt through ſome of 

Rr 2 
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the dual veſſels, and thereby produce red ſpots on the ſxin :; and 1 


have often thought whether ſomething like this might not be the 


cauſe of thoſe ſmall ulcers on the ſkin; Which we fee in the ſmall- 
pox. But theſe are only my own private ſpeculations, which I ſub- 
mit to the judgment of thoſe who make theſe matters their ſtudy. 
In farther proſecution of theſe experiments, I took rain water well 
boiled, and after it was cooled, I put it into a clean glafs, firſt waſhu- 
ing out the glaſs with the ſame water, and let it ſtand in my ſtudy un- 
covered for two days. On the third day, I placed the glaſs in the 


window, which fronted the North-eaſt, where it remained all day, 


the ſun ſhining bright with a cold wind from the North. The fol- 
lowing day I took my largeſt glaſs inſtrument, which I rinſed out 
with ſome of this water, and then filled it with more of the ſame 
water, then cloſing the end of the ſmall tube, and applying my 
operation of pumping, I ſaw air bubbles riſe out of this water in 
greater quantity than I had ſeen in rain water not boiled, but en 
out of the ciſtern. Having drawn out the piſton, I ſaw that when 
the ſubtle air had eſcaped, a greater quantity of common air re- 
mained in the ſmall tube than I had before ſeen in the water which 
was not boiled, and according to my computation, the quantity of 
air-produced was a two hundredth part of the bulk of the water. 
I requeſted a furgeon of my acquaintance, that when he ſhould 
bleed any perſon, he would ſend me ſome of the blood ; in conſe- 
quence of which, I received from him a veſſel with ſome blood 
which had been about half a quarter of an hour expoſed to the air 
before I received it. This blood was ſo thick, that in two eſſays 
to fill the glaſs tube with it, the air found its way into the tube, 
and it was not till the third trial that I conld fill the tube with 
blood only ; by which means I apprehend that more air was intro- 
duced into the blood, than if I could at once have put it into the 
tube. Upon applying the operation of extracting the air, I ſaw 
large air bubbles ariſe out of the blood; but upon taking out the 
| Piſton, 1 found, according to the moſt accurate computation I 
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could. make, that the rant of air med was yr part of 


vitec IF another 1 i be 
open a vein in one of his — but upon this occaſion the blood 
iſſued very flowly, and as it were, drop by drop. Some of t 
blood I put into a glaſs. tube which, had had. rain water in it, a an 
applied the operation of drawing out the air, which I found 
amounted to r part of the blood. 


Now, ſince we ſee that blood, when it firſt iſſues from the veins, 


contains in ĩt no air, we may be confirmed in the opinion of rejec - 


ing thoſe ſayings of medical men, who, when they are called to ſick 


perſons complaining of pains in this or that part, tell them, that the 
wind has got into the part, or chat it is a windy complaint, and the 
like; whereas they ought rather to ſay, that the veſſels in that part 
are obſtructed, that the blood or juices have not their free courſe or 
circulation; and theſe kind of obſtructions cauſe m . ne. 
eee eee e eee its pd VT 
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Al FEW years d dis nenden ee of © Zuylichem, 
paying me a' viſit, our converſation chanced to fall: on the diurnal 
motion of the Earth; whereupon I produced to him a glaſs globe, 
of 'my invention, which is rep eſented in Plate XX. ig. 3. And, 
upon my putting it in motion, he was ſo much pleaſed with the ef- 
fect, that I made him a preſent of a ſimilar globe: and having ſince 
frequently reflected on the ſubject, I determined to publiſſi this my 
invention, as illuſtrating my ideas of ſome of the effects produced 
by the Earth's diurnal rotation on its axis, which the 3 of 
mankind do not attend to. 

I cauſed ſome glaſs 3 to be . about ſeven or eight 
inches diameter, and with a ſmall neck or aperture. Having filled 
one of theſe with water, I took ſome red ſealing wax, reduced to a 
fine powder, and put the ſame into the globe. I then took a ſmall 
leaden bullet, which would paſs through the neck of the globe, and 
boring a hole in it, I fixed to it a thread, and paſſed the ſame through 
a cork fitted to ſtop the opening of the glaſs globe, the hole in the 
cork being of ſuch ſize that the thread, to which the bullet was ſuſ- 
pended, might ſtick in the cork at any length required; then putting 
the bullet into the globe, I cauſed it, by means of the thread, to 
hang at a ſmall diſtance from the bottom, ſtopping the mouth of the 
globe cloſe with the cork ; then, with ſome twine, J made a kind of 
net-work round the globe, twiſting the pieces of twine together, to 
the length of about a foot beyond the neck of the globe. 
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»D then placed the globe on a table, and, taking hold of the end of 
the pieces of twine, I: twiſted: them round. ſeveral times, which, | 


upon lifting up the globe from the table, cauſed. it to ſpin or whirl 
round. In this oontrivance I purpoſed to repreſent, by the leaden 
bullet, our earth; by the water, the air we breathe; +1 ud by" nx. 
the clouds floating 1 in the atmoſphere. A 2188 18098 


Now, in the circumrotation or ſpinning e of the glaſs obs, 
the leaden bullet, moving ſlowly, ſeemed as it were, [ſuſpended in 


equilibrio. But the particles of wax, which, while the globe was 


at reſt, lay round about the leaden bullet, now flew off from it, and 
diſperſed: — as far as bag ini of en oo globe would 
1 wem. +17 %) 5 37 

Then e the glaſs pays > it was . in motion, I ſuf 
rend it to reſt on the table, upon ſome paper or a cuſhion, to pre- 
vent the glaſs being broke; and when the globe was ſo placed, 1 
ſaw. the particles of wax, at firſt in a eonfuſed and irregular motion, 
but at length they all ſubſided and ſettled round the laden bullet, ſo 
as almoſt to cover it. 
Now in like manner, as has ha ths 0 3 als han whe 


phitialot of wax which at firſt ſurrounded the leaden bullet; were 


driven away, and ſeparated from it, ſo I am perſuaded that the 
clouds, by the diurnal motion or revolution of our earth, are kept 
ſuſpended in the atmoſphere. And as, when the motion of the globe 
ceaſes, the particles of wax ſubſide, and collect themſelves round 


about the leaden bullet, ſuch,” I am of opinion, would be the effect 


if the motion of the earth were to ceaſe; for that all the clouds, 
the watery parts of the atmoſphere, and other bodies that have 


gravity, could not remain ſuſpended in the air, but would fall to 


the earth, and there remain. 

Again, if while the particles of wax lie round about and cover 
the leaden bullet, the cork which ſerves as a ſtopper to the globe 
be taken out, and the thread which is fixed to the bullet, be ſo 
Jengthened as to ſuffer the bullet to lie at the bottom of the glaſs ; 
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this; the chread betwifled:round, and the bullet lifted up from 
che plaſs; it will be feen by its motion on its own axis, to drive off 
che particles of wax: and hence alſo we may gather this condlufton, 
chat the revolution of the earth round its axis is wiſely deſigned to 
drive off the vapours and moiſture from its ſarfdce on all ſides. 
ABC DEF, repreſents the glaſs globe ds it lies on the cuſhion, 
and G H, are the pieces of twine gathered up and twiſted together. 
1. is the leaden bullet faſtened to the ee * LD, WY Eg 
a hole in the cork or ſtoppe. 

In the bottom of the globe at A, bao abcet the en bullet 
are the particles of wax; but when with the hand at H, the whole is 
lifted up from the cuſhion, then by the twiſting of the twine, the globe 
will be ſwiftly whirled about, and the particles of wax be driven to 
the ſides of the globe, as at B F. But when the revolution of the 
globe is ſuddenly ſtopped, we ſhall immediately ſee that the parti- 
cles of wax quit the ſides of the globe; and are hurried about in an 
irregular manner one among another, and then oollect nnn 
| * bullet, where at length they ſubſide and ſettle.” 

In the next place, I remove the cork ſtopper and draw it on the 
thread: DMN P, as far as the place marked NOM, and then take 
hold of the thread at P, with my finger and thumb, and gently 
twiſt it, having firſt laid down the twine G H, by the ſide of the 
globe, and then lifting up the thread NP, in like manner as I had 
before done the twines G H, ſo as to raiſe | the bullet a very little 
from the bottom, we ſhall ſee how the Ny" in * e drives 
of from it the ere of wax.” S197 BY % doitbm ods Ut 


Certain Poſitions laid down by the Author, reſpecting the Circula- 


tion of the Blood in an Human Body, with. his Opinion reſpecting 


the manner of exhibiting the Ae by the Injection 8 


Wr loer. | 


1 HAVE heard it ſaid that the blood is circulated throu ghout our 


bodies fourteen times in the ſpace of an hour; but no reaſons have 


ever been aſſigned to me from whence this concluſion was drawn. 


This ſubje& has been much in my thoughts, eſpecially fince I 
have ſeen ſo much of the circulation myſelf; and I have been con- 


ſidering that the blood which is carried to the extremities of our 
feet, muſt paſs through nearly three times the diſtance from the 
heart as that which is circulated to the top of the head. For let us 
ſuppoſe the extremities of the feet, in any human body, to be four 
feet and an half diſtant from: the. heart, we muſt at the ſame time 
reckon the top of the head, in the ſame body, to be only one foot 


and an half diſtant from the heart; and, conſequently, the blood 


which paſſes through the head may perform three circuits, while 


that which is carried to the feet is performing one. Hereupon I 


have conſidered with myſelf, how to lay down certain axioms or 
poſitions whereby I might inveſtigate this matter, upon ſufficient 
grounds, without paying any regard to bare aſſertions; and only 
admitting this ſingle fact, that the blood actually does circulate to 
and from the extremities of the hands and feet, as well as the reſt 
of the human body. 5 

Upon reflecting how ſwift a motion the blood appears to have in 
the arteries, when yiewed by the microſcope, though when exa- 
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- mined without the help of glaſſes the circulation ſeems to be flow; 
I have, in my mind, divided a minute of an hour into ſeventy- 
two parts (inftead of ſixty ſeconds, as is the common way of di- 
viding time), and I reckoned each of theſe ſeventy-two parts or 
portions of a minute, to be of ſuch a length, that in it a perſon can 
diſtinctly pronounce a word of four ſyllables. | 

I then took an eel, about a foot long, and placed it before the 
' microſcope, and, from the moſt correct obſervation which I could 
make, I judged that, in the ſeventy-ſecond part of a minute, the 
blood in one of the arteries, which was of a ſize to admit three 
or four globules of blood at a time to paſs through it, had pro- 
ceeded the ſpace of a fifteenth part of an inch; therefore the blood, 
in one minute's time, paſſed over a ſpace of four inches and four- 
fifths of an inch; and this number being multiplied by ſixty mi- 
nutes, it follows that the blood in this eel could be carried or driven | 
forward 288 inches in the ſpace of an hour: 

Now, let us ſuppoſe that the heart (which in 1 is placed near 
the head) was in this eel diſtant from the end of the tail, where the 
fartheſt extent of the circulation is performed, 11 inches, it follows 
that the blood, in its circulation, muſt be carried twice this diſ- 
tance, being 22 inches, before it returned back to. the heart; and 
9 dividing the before mentioned number, 288 by 22, we ſhall find that 

in this eel the blood circulated to the extremity of the tail and back 
to the heart, nnen more than thirteen times in a the ſpace of an 
hour. 

In the next place, we will uae that the ends of the blood · vef⸗ | 
ſels in the head, and in the fins next to the head, were in this eel 
one inch and an half diſtant from the heart, and, conſequently, that 
in theſe veſſels the blood only performed a circuit of three inches; 
it will follow, by the fame mode of computation as before, that in 


theſe parts the blood might perform its circulation ninety- ſix times 
in the ſpace of an hour. 
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Lady, if we advert to the blood - veſſels in this eel, in and near 
the heart, where probably the blood is not protruded the fourth part 
of an inch before it is carried back to the heart, we ſhall find that 
in thoſe veſſels in and near the heart, the circulation may be per- 
formed an inconceivable number of times in an hour. 

I have many times endeavoured to ſee the current and circulation 
of the blood in quadrupeds, which always live on land; but I never 
could diſcover it: among birds, T found a ſpecies in which I could 

moſt plainly ſee the motion of the blood, but I could not diſtin- 
gKuiſh the complete circulation, by reaſon of the great number of 
blood veſſels, which cauſed the part I viewed to appear red.? 

Now, if we take for granted that in our own bodies the blood is. 
carried through the arteries with the ſame degree of ſwiftneſs as in 
eels, and that the extremities of the feet or toes are diſtant from the 
heart in any human body four feet and an half, or fifty-four inches, 
making the blood perform a circuit of 108 inches, it will follow 
that the blood is carried to the extremities of the feet, and brought 
back to the heart, in the ſpace of an hour, oy two times or circuits, 
and two-thirds of another circuit. 

In the next place, ſuppoſing the blood-veſſels at thi extremities 
of our fingers to be two feet and three-quarters, or 33 inches, 
_ diſtant from the heart, making a circulation of 66 inches, we ſhall 

find, by the ſame mode of computation as before, that here the cir- 
culation can be performed 4 & times in an hour. By the ſame rule, 
in thoſe blood-veſſels in the breaſt, and other parts in the body, only 
twelve inches diſtant from the heart, the circulation may be per- 
formed twelve times in an hour; and in thoſe veſſels in the far- 
theſt part of the head, which may be ſuppoſed 18 inches diſtant 
from the heart, the circulation may be performed eight times in an 
hour. 


* A'cock's comb and gills, Vol, I. p. 90. 
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But, if we make a calculation on thoſe veſſels in the body which 
are within twelve inches diſtance from the heart, and conſider more- 
over how many veſſels there are very near to the heart, and even in 
the heart itſelf, here we ſhall find that the ciliary be m 
formed in a very ſhort ſpace of tine lpm hm 5 

Upon the whole, it may; probably be true, chat in an hour's: time 
| there paſſes through the heart fourteen times as much: blood as the 

whole body contains: but it cannot be ſaid that all the blood in 

our bodies performs its circulation fourteen times in an hour, foraſ- 

much as we have ſeen, from what is before laid down, that in many 

parts of the body this cannot be the caſe; and in particular in the 

feet, where it appears that the blood can, in an hour's time, perform 

no more than two complete circulations, and two-thirds of ano- 
ther. OR ; | 1 

I am aware, that many may object to theſe. my poſitions, reſpect· 
ing the circulation of the blood, and ſay that I have ſeen it, in frogs. 
and in fiſhes, only at the extremities of their bodies, where the mo- 
tion of the blood is exceedingly flow; but that, if it could be ſeen 
in the veſſels .near the heart, there its motion would be found to be 
much ſwifter: and, in proof of theſe opinions, they reaſon by 
analogy to what we obſerve in the motion of a ſolid body in the air, 
ſuch as an arrow or a bullet, which moves with great ſwiftneſs when 
firſt, diſcharged, but whoſe velocity continually diminiſhes: ſo, ſay 
they, the blood muſt move with much greater ſwiftneſs in the veſſels 

next the heart, than in thoſe W of the ſame ſize which are near 
the extremities. | 

To this I anſwer, that this motion * * blood in our bodies, or in: 
the blood - veſſels in fiſhes, has not any analogy to the motion of a 
ſolid body in the open air; and in proof hereof I have cauſed a 
figure to be drawn, which may be ſeen in Plate XX. fig. 4. ABC 
DEF, which we will ſuppoſe to repreſent a leaden tube, from 
whence various ſmaller tubes branch forth, as at BG, CH, D , 
E K, and FL, and that this tube and all its branches are filled with 
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ſome liquid, ſuch as water or blood, or any other fluid; and in the 
larger tube let there be a piſton or forcer, as a A B. Now, I ſay, 
that if the liquid in this tube be compreſſed, the ſmall branch, B, 
which is next the forcer, will not endure a greater preſſure than _ 
| branch, F, which is the moſt diſtant from it. | 

And though the ſmalleſt tube, F, be a million times leſs than the 
largeſt one, the preſſure of the liquor will be the ſame” in both. 
To illuſtrate this by another example. Let the diameter of this 

largeſt round tube be repreſented by a ſquare veſſel, fg. 5, ABC 

DEF, the meaſure of one of whoſe ſides ſhall be as 5, the ſquare 
of which is 25; then let the ſmall round tube be repreſented by 
a ſquare one, as at Ng. 6, which call 1, being formed of one of the 
diviſions of fig. 5, then this ſmall ſquare tube will be to the large 
ſquare veſſel i in the] proportion af 1 to 2. 

Now, let us ſuppoſe the large ſquare veſſel to be filled with ſome 
liquor, which is preſſed with a force equal to one hundred pounds, 
the bottom of the veſſel, A FE, beſides the weight of the liquor, 
will ſuffer a preflure of one hundred pounds; but to preſs the baſe 
of the veſſel, fig. 6, H, with the like force, will only require a 
weight of four pounds; and if fo, the prefſure on the baſe H will 
be exactly proportioned to the preſſure on the baſe A FE, becauſe 
this is twenty-five times larger than H. And we may even ſay, 
that if only the weight of a grain of ſand was impreſſed on the 
part a AB, in fig. 4, there is no reaſon why this, prefſure ſhould not 
be felt in all the ſmaller tubes at the ſame moment as in the larger 

one; for, as the whole of the water or other fluid is to be conſi- 
dered as a ſolid body, there is noting to prevent ſuch impreſſion 
being ſo felt. 

_ Theſe reaſonings of mine 1 0 be very eafily underſtood by any 
one who is acquainted with the principles of hydroſtatics, as laid 
down by Stevinus. 

But if we ſuppoſe the part A, in fig. 4, to be ſome feet higher 
than F or L, it may be ſaid that the water in the ſmall tubes, F and: 


? 
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L., will be more comprefled than in the tube B, ſolely by uniſon of 
the gravitation. of the liquor, if B is placed higher than F and L; 
but if the liquor in theſe fmall tubes has a paſſage into other ſmall 
tubes, in which the liquor can riſe to the height at Q, then the 
preſſure on the liquor will be the ſame in all the other tubes; for the 
preſſure is the ſame in every part of the tube as at its baſe, regard 
being had to the diameter or breadth of thoſe tubes. 

In a word, the current of the liquor will be of the ſame Tithe 
neſs in every one of theſe branches. 
Now, if we conſider the large tube, fig. 4, ABC DEF, to be an 
artery, and out of it various ſmall arteries and their branches 
ariſing, as BG, CH, DI, EK, and FL, and that MNOPQR 
is a vein into which the arterial blood i is diſcharged, we muſt neceſ- 
ſarily ſay that LM, KN, 10; HP, and G d, are veins, becauſe 
HIL are the places where the blood begins to take its ne 
backwards. 

But the circulation of the blood will be very much retarded in 
the extreme parts of our bodies, when the limbs are cold; whence 
it comes to paſs that the blood - veſſels in thoſe parts are ſo diſtended 
that our hands and feet are ſwelled, and therefore there cannot * 

ſuppoſed to be ſo rapid a motion of the blood in the extremities, as 

in thoſe veſſels which lie in the more internal parts of the body, 
unleſs all the parts of the body are equally warm. 

A certain Doctor of Phyſic, to whom, among other perſons, 1 had 
ſhewn the circulation of the blood, told me that this circulation 
had. alſo been exhibited to him by a chirurgical gentleman ; and on 
my defiring to know how it was ſhewn to him, he ſaid by injecting 
quickſilver into an artery, which circulated back again through a 
vein; but when I aſked him how they were aſſured that one of the 
veſſels-in which the experiment was made was an artery, and the 
other a vein, he anſwered that they were not certain as to that' 
point. I alſo aſked him what was the ſize of the vein in which the 
_ quickfilyer, ſo injected, was circulated ; to which he anſwered, that 
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it was above. a thouſand times larger than thoſe veſſels in which he 
had ſeen the circulation of the blood at my houſe. © 

Hereupon I told him, that in this caſe a perſon might very ay | 
be deceived ; and that the veſſel or veſſels to which the names of ar- 
teries or veins were given, might, in my opinion, be either one or 
the other; for that I had myſelf, at times, ſeen various veſſels in 
which I concluded the blood had performed its circulation, and 
which were ſo large that they might be diſcerned by the naked 
eye, but that, in thoſe inſtances, I had always been miſtaken ; for, 
upon a more cloſe examination, I had found that thoſe ſeveral veſ- 
ſels had ariſen out of a branch of one and the me blood-veſſel. 
To illuſtrate this by an example: 

Let AB CDE F G, in fig. 7, e a vein, whoſe two 
branches are both cut off at B and E, ſo that we do not know that 
each of theſe is a branch iſſuing from the vein A. Theſe two yef- 
ſels, BCD, and E F G, we find again united by the veſſel EF, as 
the blood - veſſels are often joined together; and out of theſe veſ- 
ſels, by ſqueezing, pinching, or rubbing, we may extract any blood 
that might be left in them. Now eit may very eaſily happen, that 
in extracting the blood, or by the ſtrong injection of quickſilver or 
wax, the valves (if any ſuch there are in the veſſels) may be broken, 
and then the quickſilver or wax, ſo injected, may be forced through 
that part of the veſſel marked BCF, and return from F to E; 
- whereupon B CD will ſeem to be an artery, and E FG a vein, and 
it will be thought that the circulation is performed through CF. 
When veflels of this kind have formerly been viewed by me, I 
have found myſelf to be miſtaken in ſuch concluſion; for, upon 
farther examination, I have found (as before mentioned) that both 
the branches B C D, and E F G, aroſe out of the ſame vein, A. 

Again, ſhould we meet with an artery, as repreſented in fig. 8, 
IKL, into which we inje& quickſilver until the whole veſſel I KL 
is filled, ſo that we may be certain that in this veſſel the blood is 
brought back from K to L towards the heart; nevertheleſs, we 
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cannot ſay that Ik. is an urtery and K L a vein, becauſe in thoſe 
veſſels, which are viſible by the naked eye, the blood is not carried 
from and alſo back to the heart in circulation; for where I have 
obſerved theſe arteries to have a bend, I have often perceived that 
they were ſpread into branches, as is here ſhewn at L, and theſe 
again into ſmaller branches; ſo that at firſt fight we might ſay that 
the circulation is performed i in M * O, and that M o Q, NP Q, | 
and OP , are veins. 
I was formerly of opinion, that the blood which, in n the arteries; 
is carried to the extremities of the body, did, in its paſſage, gra- 
dually loſe part of its thinner juices, by the continual pulfation of 
the blood- forcing thoſe juices through the coats of the arteries. 
But, after frequently contemplating the circulation, I am affured 
that the coats of the arteries are ſo formed, as not to permit the 
leaſt particle of the blood to paſs through them, until thoſe arteries 
become divided into ſuch very ſmall branches, as give paſlage to no 
more than one, two, or three globules of blood at a time; at which 
places the circulation or return of the blood to the heart takes place; 
and here, through the extreme thinneſs of the coats of the veſſels, 
the finer juices of the blood may find a paſſage on all ſides for the 
nouriſhment of the parts adjoining. For were it otherwiſe, not 
only the external parts would want a due proportion of nouriſh- 
ment, but the circulation of the blood itſelf could not be performed 
to anſwer its intent; for the external parts of the body require the 
greateſt ſupply of thin juices, by reaſon of the great expence of 
moiſture they are expoſed to from perſpiration and otherwiſe. But 
if the blood was carried both to and from the heart in circulation 
in the veſſels, which are ſo large that we can inje& quickſilver or 
warm wax into them, and are of ſuch a ſize as to admit two or 
three thouſand globules of blood, or more, to paſs through them at 
a time, and the coats of thoſe arteries being, as I conceive, ſo ſolid 
and impervious that they will not ſuffer the very fine juices to paſs 
through them, the conſequence would be, that in thoſe large veſ- 
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ſels, the blood would be brought back to the heart without bene- 
fiting the body; whereas we may be aſſured that the blood is cir- 
culated through the veſſels for no other purpoſe than to diſtribute 
nouriſhment to every part. 

If we cut open an artery or vein of any animal, out of which 
the blood is emptied, we ſhall find the inſide of it as clean and 
White as if no blood had ever been in it; which I think is ſufficient 
proof, that theſe veſſels are formed in ſuch a manner as to retain 
the thinner juices of the blood in every part, except where they 
are divided into the moſt minute ramifications. Nor will this ſeem 
ſtrange to us, if we conſider thoſe fowls which ſwim on the water, 
and there ſeek their food; for we know, that how long ſoever they 
remain in the water, or how often ſoever the water covers their 
feathers, yet thoſe feathers do not at all imbibe the water. 

I have ſtripped off the very thin membrane, or internal coat of an 

artery, and placed it before the microſcope; when I ſaw, with ad- 
miration, that it was compoſed of an inconceivable number of ex- 
ceſſively thin parts, interwoven one among another, and linked to- 
gether in the manner of a net: and when I examined the other 
coat of the artery, which covered the laſt mentioned, I ſaw that the 
parts of which it was compoſed, were carried round about the ar- 
tery ; ſo that the ſtrength of ſuch coat conſiſted in its being capa- 
ble of great extenſion and contraction in breadth, more than in 
length. 
Seeing this, I concluded that every time the blood is driven from 
the heart, all the arteries expand themſelves, which muſt occaſion 
a pulſation throughout all thoſe arteries ; and as by this means they 
are every time ſtretched beyond their uſual width, they are fo 
formed and conſtituted as immediately afterwards to contract 
themſelves, which contraction promotes the propulſion of the 
blood in thoſe arteries, until it reaches thoſe veſſels we call veins. 

But the contrary, in my opinion, takes place in the blood-veflel. 
which we call a vein ;- for a vein, when emptying a part of its con- 
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tents into the heart, muſt neceſſarily at that time be contracted more 
than when in its natural ſtate, becauſe there cannot be a vacuum in 
the vein, and there is no ſubſtance at hand to oc the place of 
the blood poured into the heart; for the blood cannot flow from the 
extremities, or even the parts adjoining, in ſo ſhort a time as would 
be required, whereupon muſt follow, as before obſerved, a more 
than ordinary contraction of the veins. 
But thoſe parts, of which the coats of the veins are - compoſed, 

which almoſt all take their courſe round about the vein , theſe, 
upon the effuſion of the blood into the heart, being put in motion, 
by their undergoing ſuch contraction as before mentioned, will, by 
their elaſtic tendency to recover their natural ſtate, draw the blood 
from the moſt diſtant parts towards the heart; ſo that this may be 


conſidered as a third cauſe of the conſtant circulation and current 
of the blood. 


— 
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On the nature ** Lime, and other kinds of Cement. 


IN order to diſcover the reaſon why Lime and Plaiſter, being 
moiſtened with water, do, upon drying, acquire a degree of hard- 
neſs like ſtones, I took a piece of Limeſtone, which, by being burnt, 
is rendered very ſoft, and divided it into very ſmall particles; theſe 
I moiſtened with pure rain water, and placed the mixture before the 
microſcope : I did not at firſt obſerve it to undergo any alteration ; 
but, continuing my eye ſteadily and inceflantly fixed, both on the 
ſmaller and larger particles, I perceived, after ten or twelve minutes 
had elapſed, a faint appearance of exceſſively thin, and minute ſaline 
particles; at the end of fifteen minutes I ſaw them very diſtinctly; 
and in half an hour I ſaw, not only in every particle of the broken 
Limeſtone, but alſo in the water itſelf, ſuch a multitude of ſaline par- 
ticles as is almoſt incredible. Theſe minute ſalts were not formed 
in ſtraight lines, lying ſide by ſide, but for the moſt part they eroſſed 


each other in all directions. For example: I faw a particle of Lime- 1 


ſtone lying diſtinct by itſelf; this particle was more than a thouſand 
times leſs than a grain of ſand, and in it more than fourteen ſalts or 

ſaline particles were formed; they were not all of the ſame ſize, 

but ſome larger than e and alſo of different thicknefles ; but 

the two longeſt ſides were all ſtraight, and parallel to each other; 

the two ends, or ſhorteſt ſides, were obliquely ſhaped, yet 
parallel. This particle, with the falts which ſhot or pro- 
ceeded from it, as ſeen through the microſcope, are repre- 
ſented by the figure in the margin. 


By the ſight of this great quantity of ſalts lying together in this 
irregular manner, and eſpecially where the particles of Lime lay 
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cloſely heaped together, I was fully ſatisfied as to the cauſe of the 
hardneſs or cohefion which Lime acquires after being moiſtened ; for 
the ſalts ſhoot from it, one among another, in all directions, and 
being ſoft when firſt formed, they muſt, 'as they harden, become 
cloſely coagulated, and fixed to each other, ſo that not a ſingle ſalt 
is formed in the ſubſtance, but it is united or connected with others: 
and I am fully convinced, that the hardneſs or ſtrong coheſion we 
find in Lime when made into Mortar, ariſes only from the ſaline par- 
_ ticles or minute ſalts produced in it, which are of ſuch a nature, 
that when once formed, and thoroughly hardened and compacted 
together, they can never afterwards be GOIN, unleſs by the 
powerful effect of fire. 
I!n reflecting on the nature of Lime, as thus deſcribed, I began to 
think that if the Mortar of old buildings were burnt over again, 
the ſaline particles formed in it would be ſo diſſolved that it might 
be again moiſtened with water, and become ſerviceable as before. 
In order to make trial of this, I took ſome pieces of dry Mortar 
from the roof of my houſe, and heated them red hot ; when cold 
I found they were become ſo ſoft, that they might be crumbled to 
powder between the fingers; and, upon wetting this powder with 
Water, I found it to poſſeſs all the properties of new-made Lime. 
Now, ſince we find that the ſaline particles in Lime or Mortar are 
the only reaſon that Mortar or Cement, when dry, becomes hard or 
ſtony, and that if the ſame be again burnt it becomes ſoft, all thoſe 
ſaline particles being diſſolved, inſomuch that we can crumble it be- 
tween our fingers, we may be well aſſured that Lime is unfit to 
make Mortar or Cement for walls of buildings wherein great fires 
are to be made, and that the proper ſubſtance for ſuch kind of work 
is good Clay, which becomes the harder the more it is expoſed to 
the fire. 15 | 
I alſo concluded, that this ſhooting or formation of ſalts in com- 
mon Lime, muſt alſo take place in that kind of Cement which is 
called Tras, or Terras, which is of that nature that it acquires a ſtony 
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hardneſs, even under water, and is therefore uſed in the conſtruction 
of water-works, and in other buildings where more than ordinary 
ſtrength and ſolidity are required, | | 

This ſubſtance called Tras, is brought to us down the Rhine, and 
is ground to powder in windmills conſtructed for that purpoſe, and 
being mixed with common Lime, it is beaten or worked together a 
very long time, even for ſeyeral days; for it is ſaid, that the longer 
it is beaten the better it is: and, in order to make work firm and 
ſtrong, it is cuſtomary to uſe three parts of this Cement or Tras and 
four of Lime. 

A piece of this mixture of Lime and Cement, taken from an an- 
cient building, I heated red hot, and when it was grown cold I found 
it ſo ſoft, that it was eaſily reduced to powder. This powder I 
mixed up with water, and perceived a great quantity of bubbles. 
ariſe from it, the ſame as we obſerve in freſh Lime; after this had 
ftood for an hour, it was grown ſtiff, I then beat it, or mixed it up 
again, and in a ſhort time it became exceeding hard. 

This repeated beating, or working up of the 'Tras or Cement, is 
of very great uſe, becauſe, by this means, the air bubbles formed in 
it are expelled; for want of which being done the Cement cannot 
acquire its proper firmneſs. This appeared in the ſmall. portion of 
Cement which I have juſt ſaid that I mixed or worked up only twice ; 
for, after it was become dry, I broke it in pieces, and found in the 
middle of it many round cavities, which I concluded to have been 
cauſed only by the bubbles of air in it. But, when the Cement is 
beaten or worked together for ſeveral days, not only the air bubbles 
are expelled, but, after a certain time, no new ones are formed in it; 
and I am certain that if our common Lime was to be beaten or 
worked up for as long a time as the Tras or Cement, the bubbles. 
of air which are formed in it would be all beat out, and the labour 
more than twice repaid by the goodneſs of the Mortar, eſpecially 
in caſes where ſolid and durable work is required. 


. ) 


Abprrrox, BY THE TRANSLATOR. 


On as Hop Subject; from Smeaton's Narrative of the Confirudton 
* the Edi ſtone e 


IN this work, Mr. Smeaton has given an account of his examination 
of all the ſpecies of Lime or Cement that came to his knowledge; and 
he ranks among the firſt, or moſt powerful, the Terras deſcribed by Leeu- 
wenhoek ; and alfo Puzzolana, which is a Cement of the ſame kind, brought 
from Italy, as the former is from Germany. Both of theſe are ſuppoſed to 
be volcanic productions; and if ſo, they are ſubſtances prepared by Nature, 
in the ſame manner as Lime is by art, namely, the operation of fire. Mr. 
Smeaton recommends, for water buildings, the mixture of 'Terras or Puzzo- 
lana, with Aberthaw Lime, and he approves of repeated beating of the 
Mortar ſo made, as it thereby acquires the greater ſtrength. | 

Mr. Smeaton's ſentiments on the preparation of - theſe Cements, entirely 
agree with thoſe of Mr. Leeuwenhoek, though our Engliſh Engineer ſeems 
to have been ignorant of the cauſe of the coheſion: of Mortar, and of the 
reaſon why it is improved by beating; which have been ſo accurately inveſ- 
tigated and minutely deſcribed by the Dutch Naturaliſt. 


| The Author s Diſcoveries and Obſervations * Wood con- 
| N 2 Maggots.. 


e my eye in the winter 0 on en pieces of oak, 
(called in this country, Tel-hout), which I had kept in my houſe 
about fix years, for fire-wood, I ſaw that it was almoſt wholly co-- 
vered with a kind of white powder of the ſame colour with the 
wood. Conceiving that this duſt was cauſed by ſome maggots con- 
cealed within the wood, I took out of the heap a piece of wood very 
much covered with this powder ; it had been cleft lengthwiſe, was 
about an inch thick, and eighteen inches long, and of five years 
growth; but I could not ſee on the ſurface of it any of thoſe mag- 
got holes which we ſee in many woods, although I had wiped off 
all the powder it was covered with. I then cut it in half, and hav- 
ing ſplit the pieces, I took out of one half of it ſeventeen white liv- 
ing maggots, all of the ſame ſize; their bodies were ſhort, and 
when taken out of the wood, they rolled themſelves up in a kind of 
circle: their fore part was twice as thick as their hind part: more- 
over, when taken out of the wood, they were net able to creep 
along; their feet were very ſhort and covered with many hairs, and 
on each foot a ſtraight claw. Theſe maggots had cloſely compreſ- 
ſed the particles of wood which they had gnawed off, and alſo the 
excrements left behind them in the winding channels they had made- 
in the wood, which I wondered they could do,. becauſe their bo- 
dies were very ſoft, except the organs they had in the fore part of 
their heads, and theſe were not white, but of a yellowiſh colour, 
Although. I had no doubt that theſe maggots in the ſummer time- 
would be changed into flying animals, I. nevertheleſs put fourteen 
of them into a little box with a cover, which ſcrewed on, and 
theſe I carried about me, to diſcover how long they would live. 


wa 2 


In the proſecution of my obſervations on this ſubject, 1 was 
aſtoniſhed to ſee that the wood, on the ſurface of which there was 
no appearance of biting or perforation, was yet ſo gnawed through, 
that it would eaſily break. Now when people in general ſee ſuch 
pieces of wood, which on the outſide appear quite uninjured, and 
yet ſo brittle, and contain ſo much duſt or powder, they think that 
the wood has a natural tendency to decay, or that it is conſumed 
by maggots bred in the wood by ſpontaneous generation, becauſe, 
as I ſaid before, they ſee no holes in the ſurface. 

But if we conſider how ſmall thoſe eggs muſt of neceſlity be, "TIO 

which ſo minute an animal is produced, as proceeds from theſe Mag- 
gots by tranſmutation, and that a Maggot newly hatched from ſuch 
an egg may creep into the chinks or cracks, or even the large veſ- 
ſels of the wood, and pierce holes in it ſo ſmall, as at firſt to eſcape 
the notice of our eyes, we may in 1 ſome meaſure ſolve the diffi- 
culty. . 
I was well ſatisfied in my mind, that the flying animals to be pro- 
duced from theſe Maggots would be of the ſpecies whoſe wings are 
covered with ſhells or caſes, and to ſatisfy myſelf in this reſpect, I took 
about a third part of the ſame piece of wood (from which part I had 
not taken any maggots nor could I diſcern any holes perforated by 
them in the ſurface), and incloſed it in a glaſs tube, each end of 
which I ſtopped with a cork; this tube I put in my cloſet, in a 
place where it would be often expoſed to my view, and that thus I 
might diſcover what would become of the Maggots, if any there 
were, in it. 'This piece of wood I often looked at, but could not 
. perceive any alteration, except that there appeared ſome particles 
ſcraped or bitten off the wood which lay in the glaſs, and alſo a 
Maggot which had crept out of it and was dead. 

On the 21ſt of May, ſeeing no farther alteration in the wood, I took 
three other ſmall thin pieces of the ſame fire-wood, which I broke 
and took out of them about thirty Maggots, which were now 
changed into aurelias or cryſales, and as yet of a very white colour: 
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theſe eryſales were ry prettily ſhaped, for in them J could plainly 
ſee their eyes, euriouſſy formed of various optical organs, having the 
reſemblance of bunches of grapes; and I alſo thought that each eye 
- eonſifted of more than two hundred ſuch optical organs, beſides 
which chere were plainly to be ſeen the like joints, rings, or creaſes 
as iti the maggots, atfo the horns on the head, the feet, and the 
ſhalls or caſes for coverings to the wings; and, in a word, there 
appeared ſo many and ſo great perfections in this infignificant ani- 
mal. that I could not view them without aſtoniſhment. 
In about three weeks from this time, my vecaſions having called 
me out of town for a few days, I obſerved at my return that all the 
animals which I had put into a box were changed into flying crea- 
tures, excepting two or three who were dead and their bodies dried 
up, and theſe I ſuppoſed I had injured. in taking them out of the 
wood. TI alſo ſaw eight flying animals, which had iſſued from the 
ſmall piece of wood I had put into a glaſs tube, ſitting upon the 
wood, and ſeveral round holes pierced in the wood, „ hrongy which 
I concluded they had eſcaped . - 

Theſe flying animals were, in my judgment, ſix or eight times 
larger than that which is produced from the maggot which feeds 
on the oily ſubſtance of Mace, of which I have treated at large in 
another place. The ſhells or caſes alſo, which cover the wings, 
are nearly of the ſame ſhape in both ſpecies. 

From hence we ſee that ſuch young ſhoots of oak, as I have be- 
fore mentioned, are more liable ts be conſumed by maggots than the 
larger pieces growing in this country, and much more ftill than 
thoſe which grow in warmer regions : and for this there can be no 

other reaſon aſſigned, than that thoſe ſmaller pieces of wood, which 

are the ſhoots which ſpring from the roots of old timber trees, and 

grow up into faggot wood, are in this country very ſow in growth, 

and conſequently very porous; whereas the pieces or ſhoots of oak 

which are of quick growth are firm and ſolid, and theſe maggots 
Vol. II. U u 


, 
can make but little impreſſion on them, and the reaſon * of this 
ſtrength and firmneſs i in oak timber has been explained by me in 
another place. 

Moreover, thoſe pieces of wood which are left with the bark on, 
are more obnoxious to be injured by maggots than thoſe which are 
ſtripped of it, becauſe, as I conceive, the maggots, While young, 
are more able to gnaw into the bark than into the wood itſelf; but 

when they have fed upon the bark for ſome time, they by degrees. 
grow ſtronger, and are better able to gnaw the wood: of this we 
have a proof in baſkets, which are much leſs liable to be injured by 


theſe maggots when made of white wands. Gay of thoſe which 
have the bark on. 


* vol. I. p. 5 and 6. 
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Deſcription of a minute Fiſh found adhering to the ſhells of Sea 


. Fiſh: the Author's Examination. of the Eyes of Flies and other 
- ſmall Animals, and his nn and Concluſions thereon. 


1 HAVE often taken notice of certain knobs or riſings which 
ſometimes are ſeen in great numbers on the ſhells - of muſcles, 
though on other ſhells none are to be found. I have alſo ſeen them 


on oyſters, and J have counted as many as fifty on one ſhell: theſe 
knobs or ſwellings, are called by our common people, puſtules, or 
pimples. They are conſidered by many to be only caſual excreſ- 
cences on thoſe ſhells; but, if we examine them carefully, we ſhall 
find, that they are in reality ſmall fiſhes fixed to the ſhells of muſ- 
cles or oyſters, where they gradually increaſe in ſize; ſo that I once 
ſaw on an old muſcle one of them, whoſe diameter at the baſe was 
three quarters of an inch, and there were many other ſmaller fiſhes 
of the ſame ſpecies, but of different ſizes round about it. 


Theſe ſmall fiſhes, which I call Puſtule-fiſh, or Pimple-fith, are 


fixed by their ſhells on different parts of the oyſters or muſcles. But 


whereas, oyſters and muſcles, when ſeeking their food, open 
their ſhells a little, theſe ſmall fiſh are incloſed by a ſolid ſhell on 


all ſides, except an opening at the top or point of each ſhell, in 
which opening are placed two very minute oblong ſhells, not fixed 
to the other ſhells, but to the fiſh itſelf, and by the help of which 


it can cloſe the opening in the other ſolid ſhell. Theſe two minute 


pieces of ſhell have each of them a ftraight ſide, exactly fitting each 
other; the other ſides are rounding and ſloped to a point. 

Upon putting ſome muſcles, to which ſeveral of theſe ſmall fiſh 
were fixed, into ſalt water, I ſaw the fiſhes protrude theſe ſmall 


ſhelly parts beyond the aperture, and open the extremities of them 


about as wide as the back of a common knife, and upon my touch- 


ing thoſe parts lightly with a ſmall needle, the fiſh immediately 
cloſed them, and alſo drew thoſe ſhelly parts within the ſolid ſhel] 


SY 
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which thus became ſhut. Theſe ſmall fiſhes lived only two days 
_ while in my poſſeſſion, but how long the mufcfes to which they 
were fixed, had Ape out of the 9 when 1 got Uwe Y 1 do not | 
know. eff 

I have often taken theſe minute fiſhes as gently as poſſible out of 
their ſhells, and ſpreading their parts aſunder, placed them before 
the microſcope, and I muſt ſay, that I never with my naked eye; 
beheld any fiſh, in the formation of which there appeared ſuch 
wonderful art, as in theſe minute fiſhes ; therefore I determined to 
give a drawing of the greateſt part of one of them. 

Plate XX. fig. 9, ABCD, repreſents part of a muſcle ſhell, in_ 
which, at E, is ſhewn the ſhell of this ſmall fiſh, as faſtened to the 
muſcle ſhell, and which, as 1 have fad before, is called a Puſtule, 
or Pimple. 

The wonderful and curious tematlön of this little geh, the Iim- 
ner could not repreſent exactly after Nature, becauſe the beauty and 
regularity of its ſhape were loft when the moiſture evaporated from 
it; and befides, the ſeveral parts of its body were ſo exactly and de- 
licately joined together, that when I endeavoured to ſpread them 
- afunder, ſome one part or other was always broken. 

This fiſh is provided with a receptacle containing a great number 
of eggs, but which, at the leaſt evaporation. of the moiſture, are ſo 
contracted, that nothing of them can be diſtinguiſhed. 

Pig. 10, AB 4 DE, repreſents the body of this fiſh as feen by 
the microſcope. EF, is one of twelve organs or limbs with which 
it is provided, befides the other organs marked K LM; NO, and 
PQR. All theſe organs lie bent in a kind of curved poſition, and 
are ſo twiſted one within another, that they cannot be diſtinguiſhed 
unleſs they are gently ſpread aſunder. 

I have ſaid, that the eggs were ſo ſoft, that on the leaſt evapo- 
ration they loſt their ſhape and vaniſhed from the fight, therefore I 
determined to boil ſome of theſe Pimple-fiſh a little, and by ſo doing, 

the eggs acquired ſuch a degree of hardneſs, as to keep their figure, 
and enabled the limner to ſee them diſtinctly and repreſent them in 


his drawing, as may be ſeen in fig. 10, at G HI. But I directed, 
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that only a few of the eggs ſhould: be repreſented, for if all thoſe 
eggs which lay about that part of the body marked. A B C, had been 
inſerted in the figure, the number would have been ten times as 
many as here ſhewn: moreover, it is to be obſerved, that all theſe eggs 
were held together by a kind of membrane, and. in ſach exact and 


regular order, that it was: a pleaſure to behald them. On farther 
examination, I perceived in each egg a round corpuſcle like a yolk, 
and each egg was compoſed of a great number of larger and ſmaller 
globules, as I have always obſerved all eggs, or at es the yolks 
of them, to be formed. 

I have given a drawing of this minute animal, fon no- other rea- 
ſon, than to eonvince thoſe perſons of their error, who abſurdly 
maintain, that a living ereature ean be generated from corruption, 
by ſhewing the wonderful formation of ſo minute and contemptible 
an animal, and which not one man in a thouſand knows any thing 
of, not to mention that many veſſels, nerves, and organs, worthy 
of admiration, may be ſeen in this ſmall creature, when firſt taken. 


out of the thell, and while the parts of its body remain moiſt. 


1 | have often made repeated diſſections of the eyes of various 
kinds of flying inſects, merely on account of the pleaſure the con- 


templating them afforded me. 


In particular, in the ſummer ſeaſon, I examined the eyes of that 
large flying inſect called the * Dragon Fly. Theſe being placed on. 
a ſheet of clean paper, with a ſmall hair pencil and fair rain water, 
I cleared away the many veſſels. which fill the inſide of the tunica 
' cornea, or horny coat of the eye, leaving only the tunica cornea 
remaining. This I contrived to place in ſuch a manner, that it 
might not, as it dried, contract in wrinkles, and placed it before 
the microſcope, and I often contemplated it with great admiration, 
for J not only ſaw the many parts or optical organs of which it was 
compoſed, each of which was a perfect portion of a ſphere; but 

each. of theſe ſpherical parts was incloſed in a partition ſeparating 


* Sec page 47, of this volume. 
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it from the others, exhibiting at the parts of ſeparation a kind of 
luminous appearance, ſo that each | 3 oy was ſurrounded by 
ſix ſides, as is ſhewn in fig. 11, ABCD. + 

When I removed this tunica cornea a little from the foegs of the 
microſcope, and placed a lighted candle at a ſmall diſtance, ſo that 
the light of it muſt paſs through the tunica cornea, I then ſaw 
through it the flame of the candle inverted, and not a ſingle one, 
but ſome hundreds of flames appeared to me, and theſe ſo diſtinct- 
Jy (though yonderfully minute) that I could diſcern the motion or 
trembling in each of them. 

Directing my view, through the ame t tunica cornea, to the ſtee- - 
ple of our new church, which I have meaſured by a quadrant and 
found to be two hundred and ninety-nine feet high, and I judge to be 
about ſeven hundred and fifty feet diſtant from my ſtudy, I ſaw the 
repreſentation of a great number of minute ſteeples inverted, and 
which ſeemed no larger than the "_ of a needle ſeen by the na- 
ked eye. 

When I joked at the abou houſes, I BER: ſee, through | 
the tunica cornea, not only the buildings, but the doors and win- 
dos, and could plainly diſtin ganh whether the windows were ſhut 

or open. : 

It muſt be obſerved that in fig 11, ABCD, a very ſmall part 
only of the tunica cornea 1s repreſented, but to give an idea of the 
whole of it, and to ſhew the multitudes of the protuberances or 
optical organs it contains, every one of which is a perfect eye, I A 
counted how many of thoſe protuberances were contained in the 
diameter of the whole tunica cornea, which amounted to about one 
hundred; but if we reckon them to be only ninety, the number of 
optical organs in the whole ſurface of the tunica cornea will a amount 
to above eight thouſand. 

In the ſame manner I alſo examined the eyes of a fly, and I per- 
ceived the ſame perfection in the formation of the optical organs it 
| contained (though theſe were ſmaller than in the agen" $5) and 


(a 1) - 
through every one of * I could moſt plainly Albi Hg all 
ſurrounding objects. 

Fig. 12, EF G, repreſents a ſmall podticn of the tunica cornea 
in the eye of a fly, in which thoſe protuberant parts or optical or- 
gans were not fewer in number than in the eye of the dragon- fly. 

And to ſhew the incredible perfection of each of theſe optical or- 
gans, I took a large grain of common ſcowering ſand, and J mult 
ſay, that above a thouſand of thoſe protuberances, in the eye of a 
fly, taken together, were not equal to the ſize of that grain of ſand. 
Wbat I have here ſaid, reſpecting the eye of a fly, muſt alſo be 
underſtood of the eye of a gnat, regard being had to the n. 
tive ſmallneſs of the gnat's eye. 

About the time of my making theſe obſervations, I found it af 
ſerted in the writings of a certain author, when treating of ants 
and moths, that ants have no eyes in their heads, on account of 
their ſmallneſs; but, meeting with ſome ants in my garden, I found, 


upon difſeQing them, that each of their eyes contained fifty optical 


organs; and in the brains of thoſe creatures I ſaw, with admiration, 
the wonderfully minute blood- veſſels they contained. 

Reſuming the examination of the eyes of the dragon- fly, I was 
deſirous to know whether the tunica cornea in them conſiſted of 
many ſcaly particles laid one on another, as I have in another place 
deſcribed to be the formation of it in the eyes of men and quadru- 
peds. This diſſection, after ſome difficulty, I accompliſhed ; but I 
obſerved that the leaſt alteration made by diſſection in the tunica 
cornea, prevented my diſtinguiſhing objects through it: I, however, 
diſcovered that it was in reality compoſed of many particles or 
ſcales, laid one on another, of which I could diſtinctly count thir- 
teen ſeries. 

Now, if we conſider the multitude of parts of which theſe ſcales. 
or ſkins muſt be formed, which eſcape our reſearches and our ſight, 
and moreover, how cloſely and exactly they muſt be laid together, 
to give free paſſage to the light, we ſhall be loſt in wonder at ſuch 
perfection in the eyes of ſuch inſignificant creatures as theſe flies: 


( 344 ) 


at the ame time we muſt admire the regularity of Nature's works, 
all whoſe operations are performed in ſimilar ways, both in the for- 
mation of the eyes of theſe minute creatures, and in ole er 
animals, and alſo of the human ſpecies. 
Now, ſince we fee the regularity of the propagation of the mi- 
nute marine animal I have been deſcribing, and when we contem- 
plate the wonderful formation and incomprehenſible perfections in 
the eyes of flies, and the admirable conſtruction of their many op- 
_ tical organs=—when, I ſay, theſe things are known, ſurely none 
will be ſo abſurd as to retain the notion that any animal, however 


contemptible in our eyes, can be gn e or rsd 
from corruption. 


But I will conclude with this wiſh, that the eyes of all may be 
opened to the truth of the regular propagation of all the animals 
and vegetables on this earth; and to admire the infinite wiſdom of 
the Creator, in the formation of all things at the Beginning, and in 
the wonderful and infinitely diverſified proviſion made for their 2 
pagation through all wan ages of the world. 
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of an Animalcule or ſmall living creature, which is ſometimes found i in 
ha the livers 1 * Sheep and other beafts. 


To We my obſervations on this ſubje& the more intelligi- 
dle, I ſhall place them in the following order: Firſt, as to the 
fhape and make of this animalcule; Secondly, the part of the inteſ- 
tines where it is found; Thirdly, its numbers, and the manner of 
its propagation ; and Fourthly, how thefe creatures, and other ani- 
malcules of a ſimilar nature, by fixing themſelves in the liver and 
other internal parts of the vous can | produce Cerfaln nr and 
their fatal conſequences. 

Firſt, as to the ſhape and ſize of this creature, and its Kinilitude 
td other known animals; it bears a near reſemblance (in miniature) 

to our ſole or flounder, as appears by fig. A, which repreſents it of 
the fize it is commonly found ; this figure ſhews the back or promi- 
nent fide; and fig. B, the belly, or flat fide of it. C is one of the 
young of the ſame ſpecies, ſhewing the back, D the belly of the 
fame; E and F are figures of the fame creature, ſomewhat magni- 
fied, and ſhewn in the pofitions before mentioned. 

Thefe animals are not often feen alive, becauſe the diſeaſe they 
produce does not always fhew itſelf by outward tokens, and the 
beaſt afflicted with them, ſometimes ſeems fat and in good health, 
and then the liver is not perhaps examined till ſome time after the 
beaſt is killed; and theſe creatures cannot endure cold, but if by 
being expoſed to it they are deprived of motion, they will revive, if 
the liver be held in a warm hand or put into warm water. Their mo- 
tion is undulating or wriggling like that of the fiſhes before men- 


tioned, their colour a yellowiſh brown, the belly quite Hat, and 
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: much paler coloured than the back, the {kin rough 1 covered 
1 with prickles or points, and ſo tranſparent, that the bowels and veſ- 
ſels may plainly. be ſeen on both ſides. The head which is ſhewn 
conſiderably. magnified, at letter G, is of. a pointed form, plano- , 
convex, that is, rounding above and flat below, the mouth project- 
ing, open, and of an oval ſhape, nearly in faſhion like a carp. The 
eyes, which are pictured ſeparately at H and L are very prominent, 
and ſurrounded with a cartilaginous or griſtly ring, which is ſhewn 
at K, and they are placed, as we ſee. in many flat fiſhes, both of them 
on one ſide of the back, with a diviſion between them. 
The heart is. ſo near to the head, and the bowels ſo cloſely « con- 
joined to the heart, that I queſtion whether there is any thing, pro- 
perly to diſtinguiſh the head from the.reſt of the body, which yet in 
moſt animals are ſeparate and. diſtinct. From the heart, ariſe two veſ- 
ſels ſpreading over the whole body, with a wide ſpace between them, 
extending almoſt the whole length of the back, as repreſented at 
letter L, and between theſe veſſels are many ſmaller ones, as ſhewn at 
M, which are ſo minute that no moiſture can be diſcovered within 
them. I obſerved in the larger. vellels two ſorts of juices, namely, in 
ſome a yellowiſh brown, and ſometimes a kind of purple; in others a 
pale green, both of a glutinous or ſlimy nature, and yet flowing in 
the veſſels even after the death of the animal, towards the heart, if 
held up by the tail, and back again, upon the head being raiſed. 
The excretory duct, or paſſage of the bowels, is in an unuſual 
place, being on the right ſide of the body, cloſe under the head, 
for which reaſon the inteſtines are as it were, crowded together in 
an heap. There is a ſmall protuberance at the beginning of the 
bowels, which I take to be the liver, and between this and the 
| bowels, I find in all of thoſe animalcules which I have ex- 
amined, an innumerable quantity of oval particles, hundreds of 
which, taken together, are not equal to the ſize of a grain 
of ſand, They are of a pale red colour, and I take them to 
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be the ſpawn or eggs. Notuithſtanding my moſt * exami- 
nation of theſe creatures, I never could diſcover any difference of 
ſexes; and it ſeems to me moſt probable, that they are of that 
ſpecies called Hermaphrodites, or every one equally prolifick; at 
leaſt, none has ever fallen into my hands which appeared plainly to 
be a male. The tail, though of the ſame texture with the reſt of 
the body ils much neee, een or . uon the M ghteſt 
touch. 

The parts in Ga + wherein I hank hitherto Pome theſe 
creatures, are only the veſſels, tubes, and channels wherein the 
gall is formed and collected, though moſt commonly in the liver; 
and here they may be ſaid to ſwarm, producing grievous ſwel- 
lings, calloſities, contorſions, and ſinuſes in the part; and cavities, 
which will be often found an inch and an half in diameter. In theſe 
parts theſe noxious animalcules are found in heaps, and the places 
where they. lie, become hard and cartilaginous. In the ſmall gall- 
ducts they lie longitudinally, and ſometimes rolled or curled up to- 
gether ; and I believe that many perſons have hereby been led 
into a miſtake reſpecting the ſhape of them, . deſcribing. them 

to be oblong, round worms; but in truth, however clolely they 
may be thus rolled up, they will ſpread open again, even after they 
are dead, upon being thrown. into warm water, for then they re- 
cover their flat ſnape, but at the ſame time they become rather of a 
paler colour than they originally were. | 

Theſe creatures are commonly found in great numbers, though 
in this particular they vary much, as it depends on their having 
had more or leſs time to propagate ; I have taken out of one liver, 
870 in number, beſides many fragments, and excluſive of thoſe 
which were cut in pieces or deſtroyed in opening the liver. And 
in another liver I have ſeen but ten or twelve. | 
They are found in many different kinds of boils. I have been 
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informed by Homers that they have found them in Stags, wild 
Boars, and other kinds of game, both great and ſmall, I myſelf 
have ſeen them frequently in Calves, and once in a young Bul- 
lock, Sheep are infeſted by them even from the womb of the 
parent, ne Latibi of a your old" and he proog as * nk agen 
Sheep. 
As to its drohen and hepatic of theſe dates, 
I confider as idle tales, what ſome writers aſſert, of their being ge- 
nerated by putrefaction or decayed f ubſtances, immoderate wet 

or heats, and other equally ſenſeleſs imaginations ; and I lay it 
down as a certain trath, that” theſe, as well as all other ſmall 
living creatures, are produced from their like, by the means of 
eggs, ſeed, or ſpawn, according to the nature implanted m them 
at their firſt creation, And it ſeems to me moſt probable, that 
theſe animals, with their eggs, find their way into the bodies of 
Sheep, (and which we may Tuppoſe to be the caſe alſo with other 
inſeQs and their eggs,) in the following manner ; namely, that in 
wet ſummers and autumns theſe animalcules, which are originally 
| bred on the ſurface of the earth, may, with the water in which 
they live, be fwallowed by the Sheep; and I have been confirmed 
in this opinion by converſing with Countrymen, Huntſmen, and 
Butchers, on the ſubject. But I am not of the opinion that 
after being ſwallowed, they do themſelves force their way 
out of the ſtomach and bowels into the gall-bladder ; I rather 
conclude, from reaſon and my own experience,“ that their ſpawn 
or eggs may, with the oily part of the chyle i in the infected beaft 


* It 3 ſeem ſtrange to us that a creature, originally bred in the water, ſhould ** a 
proper receptacle for its life and growth | in the warm bowels of an animal; and yet we 
daily ſee leeches, which are alfo bred in the water, and perfectly cold themſelves, ſuck. the 
warm blood of the human fpecies with an avidity ſcarcely to be paralleled. But, as 

Mr. Leeuwenhoek, in one part of his works obſerves, we may wonder at theſe operations 
of Nature, but admiration, and nothing more, will be the reſult of our cogitations. | 
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be carried into the veſſels of the gall bladder, and there fix them- 
ſelves ; foraſmuch as theſe veſſels are lined with a ſlimy and te- 
nacious ſubſtance, and alſo becauſe the gall is not like the blood, 

in continual circulation, but is retained in its veſſels, or emitted, as 
pk calls of the animal economy require. Again, they are found 
{warming in the liver, where they produce tumours and callofities, 

and caufe the colour of it to change. And it ſeems to me not at all 
ſurprizing that theſe animalcules ſhould live and be nouriſhed in the 
Juices of the gall, for every living creature has a ſituation and ſpecies 
of food peculiar to itſelf. Sea-fiſh die in freſh, and river-fiſh in ſalt 
water, A worm cannot live in the air, and a fowl expires in the 
earth. What wonder is it then that the creature of which we are 
treating. when introduced into the body of another animal, ſhould 
find its peculiar. place of life, growth, and increaſe, in the vellels of 
the gall, and in the gall itſelf ? _ 

In the laſt place, like as we experience, that many living crea- 
tures are found in the human body, producing. diſeaſe, pain, and 
death itſelf ; fo it is my opinion, that the animalcules of which I have 

been treating, and which. are ſometimes found together by thou- 
ſands, may produce the following miſchievous conſequences : 
__ Firſt, the extraordinary diſtenſion of the parts where they harbour, 
as well by the growth and increaſe of their own bodies, as by the 
multiplication of their ſpecies or brood. 

Secondly, by their biting or gnawing the parts they infeſt, ſo as at 
length to break or deſtroy their texture; and thus wholly, or in 
part, render them incapable of performing their functions. 

Thirdly, by forcing their bodies into the ſmall tubes, and veſſels, 
whereby the delicate frame of thoſe tender parts is torn aſunder. 

Fourthly, by obſtructing the paſſages in the veſſels, whereby the 
circulation of the juices is prevented, and art inflammation enſues. 

Fifthly, by devouring and conſuming the nutritive juices, whereby 
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the adjacent parts are r oh aba uren n nouriſh- 


ment. 1 ö | 
| „ Sinthly, 3 — * ve flels ith 5 en ee eggs 
or ſpawn, and the bodies of ſuch of the animalcules themſelves as die, 
whereby the motion of thoſe . n n — moſt ade con- 
ſequences follow ) + ny | 

There are many other ways in which theſe: creatures may prove 

noxious to animals, but thoſe which I have here enumerated . de 
ſufficient to give an idea of the reſ. 

He, then, who can find out and _— a method nen with- 
cout injury to the parts of the body where theſ&vermin harbour, can 
prevent their gnawing the parts, their creeping about in the inteſtines, 
and, what is worſe, their dying there; or rather, can diſeover how to 
expel them, while alive, out of the body, will in this reſpect bid fair to 
effect a cure. It is laid down as a truth, that a diſtemperature of the 
blood and juices, whether proceeding from an ill conſtitution thereof, 
or from an interruption in the circulation, can cauſe many diſeaſes 
and their ill conſequences: but muſt it therefore be deemed unrea- 
ſonable to attempt proving, that animalcules being found in the 
juices, or even in the more ſolid parts of the body, may alſo produce 
diſeaſes? The firſt of theſe points is mere matter of theory or argu- 
ment; of the ſecond, more certain proofs can be brought; conſe- 
quently, it ſeems more rational, that thoſe perſons, who altogether 
rely upon their experience, ſhould, in their enquiries, diligently in- 
veſtigate the reaſons on which they found their opinions. 

I forbear to ſay any more on this ſubject, foraſmuch as what I have 
written is only for. the improvement of medical knowledge, and as 
an incentive to the laborious enquirers after new diſcoveries in ſei- 
ence, the field of which, is indeed indefinite. 
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|} » 1; -» ADDITION; BY Tun TRANSLATOR: 


171 is proper to inform the Reader, that the 3 Eſſay has 
not Mr. Leeuwenhoek for its author, but is taken from a letter writ- 
ten to him on the ſubject by G. Bidloo, a proſeſſional gentleman at 
Leyden, under date of the 91ſt March 1698, and publiſhed in the 
Dutch Edition of Mr. Leeuwenhoek's Works, though it does not 
appear in the Latin Verſion ; but, as the ſubje& is intereſting, and 
probably this Efſay has not before appeared in any other than the 
Dutch language, the Tranſlator ought that it might be e 
to the Engliſh Reader. 

Since the peruſal of this Eſſay, the Tranſlator has had opportuni- 
ties of converſing with ſeveral judicious Gentlemen, who are conver- 
fant in the grazing of Sheep, from whom he has collected the follow- 
ing particulars : 

That in very wet ſeaſons, particularly towards the latter end of 
the year, a ſpecies of graſs ſprings up in the low and wet lands, by 
feeding on which, the Sheep are ſuppoſed to contract the diſtemper 
called the Rot. That, if the rains do not abound, until after the win- 
ter froſt has been experienced, the Sheep are not then obnoxious to 
this diſeaſe, but otherwiſe, if a wet ſeaſon precedes the froſt ; and 
laſtly, that Sheep infected with this diſeaſe, do, for a time, appear fat 
and healthy, but, when the diſorder gets to a height, they fall away 
rapidly. 

Theſe particulars ſeem to prove, that the diſeaſe called the Rot 
in Sheep, does in fact proceed from the animal deſcribed in the 

preceding Eflay, which, being bred in the water, and adhering, with 
its eggs, to the graſs growing in watery places, is ſwallowed by the 
Sheep. And, it is probable that when the froſt precedes a wet ſea- 
ſon, the animalcules and their eggs are killed by the froſt, and con- 
ſequently the Sheep eſcape : we may alſo conclude, that while this 
noxious animalcule is in an infant ſtate in the bowels of the Sheep, 
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it may not be particularly injurious, but when it arrives at a ſize 
to prey upon the liver, firſt, a ſickneſs, and waſting in the animal, 
and afterwards, death muſt ene; and the Tranſlator has been in- 


formed by a gentleman's Gamekeeper, that he has frequently found 

Hares, dead of this difeaſe, and that upon opening them, hundreds 
of the animalcules were found in their livers. 
Thefe particulars the Tranſlator thought proper to notice, leaving 

it to thoſe who are qualified, to exerciſe their medical {kill i in the diſ- 

covery of a remedy for this fatal diſtemper. 

| The animalcule before deſcribed is called in ſome parts of England 


a Fluke, in others a Loop, but moſt generally a Flounder, probably 
from the reſemblance it oo to the fiſh of that name, 
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